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The degree of expected survivability must be examined.
The same basic concepts presented in this study are ap-
plicable to both small light vehicles and large heavy
vehicles. The vehicle can be protected from small arms

fire and antipersonnel mines at a relatively low cost,

A greater degree of protection requires use of massive

armor increasing the size, weight and cost of the vehi-
cle,

The intended mission of the RPGV detection system needs
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1.1 Purpose of Study.
The objective of this study is to determine the feasibility,

8
* ﬁ | 1,0 SUMMARY,
"

‘ :., advantages, and effectiveness of using a remotely controlled
_ uw, ground vehicle in the detection of mines and minefields. The
a scope of the study is limited to:
v A, An investigation of the vehicle characteristics, con-
" ‘ figuration, and design eriteria.
3 3 B. Criteria and parameters for interface with existing
47 ': mine detection systems and sensors.
‘ :; C. The relative advantages, disadvantages and cost effec-
s tiveness of various concepts.

This study is not concerned with development of new concepts
; i in the field of mine detectors or sensors. Rather, it is an in-
; vestigation of a new method of application for existing sensors,
::; specifically, mounted on a remotely piloted ground vehicle

(RPGV).
1.2 Methods and Approach.

i i et

o~ The study was divided into four distinct phases.
= A. Phase I - Task definition and analysis.
ﬁ B. . Phase II - Development of system concepts.
i C. Phase I1II - Evaluation of concepts and selection of
Eﬁ candidates for detailed investigationm.
1 & , D. Phase IV - Investigation of selected system concepts.
§ 1.2.1 Phase I.
@ Phase I was occupied with collection and analysis of data on

mine warfare, countermine doctrine, and mine detection systems
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and sensors. Most of this data was in the form of reports, stud-
ies and technical mantals provided by the Countermine Laboratory
(USAMERADCOM) .

1.2.2 Phase II.

Analysis of the Phase I data provided a broad background in
the methods used for mine deployment and potential countermea-
sures. Various system concepts were formulated which might have
reasonable probability of meeting mission requirements.

1.2,3 Phase III.

The candidate Phase II concepts were evaluated with respect
to overall mission effectiveness and practicality. The most
promising of the concepts were selected for a detailed investiga-
tion in Phase IV.

1.2.4 Phase IV,

In Phase IV, the selected concepts were evaluated in detail
with respect to:

A. Effectiveness, advantages and limitations

B. System cost

C. Operational constraints
1.3 Results of Study.

There is a large background of systems and technology avail-
able for the remotely piloted vehicle envisioned for this system
and there is little doubt that a successful RPGV could be devel-
oped. The RPGV should be a small, lightweight, lightly armored,

and low cost vehicle. It would be controlled from a remote sta-

tion mounted in a secondary vehicle up to 2 kilometers distant.
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The RPGV would be equipped with a relatively inexpensive video
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system to allow effective control and guidance of the vehicle.
The remotely piloted ground vehicle (RPGV) is capable of in-
terface and effective operation with practically any type of sen-
sors presently used or planned for use on ground or air vehicles.
The effectiveness of the sensors would be substantially equal to
the effectiveness in the normal mode of operation. There is one
important criteria applicable to the RPGV ( or, for that matter,
to a manned vehicle to a slightly lesser degree) relating to sen-
sor types which are sensitive to height above the ground. Sur-
vivability of the vehicle requires that the sensors be several
feet in front of the vehicle mounted on retractable arms or a
boom. It may be necessary for this boom (arms) to have several

degrees of freedom to allow positioning and sweeping of the sen-

sors. With the vehicle travelling over rough and undulating ter-
: - rain, it would be most difficult to accurately control sensor
ground clearance manually under these conditions at any signifi-
cant ground speed. Development of a closed loop feedback system

- to automatically and accurately control sensor height above

ground and prevent the sensors from striking external objects

(rocks, tree roots, etc.) is a formidable task. In fact, this

task would be analogous to the very complex problems associated

ﬁ; with detection of the actual mines. The only systems really

. practical for the RPGV are those which allow sensor operation in
a range of about 1/2 to one meter above ground.

o In addition, fhe potential threat is so broad that there is

not a sensor or detection system which stands out as the optimum
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device for all mine warfare tactics and scenarios. Complete cov-
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erage of the ontire threat spectrum may require coupling more
than one type of sensor to the RPGV,
1.4 Conclusions.

Present technology provides sensors and detectors which are
operable in an air vehicle, ground vehicle, or carried by person-
nel. Airborne sensors can be effective in identification of a
minefield but suffer from three major limitations.

A, Limited effectiveness in identification of individual
mines.

B. No practical method for identification of individual

mine locations or route marking. k

C. Mission time is normally severely restricted by fuel

limits and aircraft survivability. r

Portable detectors such as the AN/PRS-8 and AN/PSS-11 are
reasonably effective but are slow and place the operator in an
extremely vulnerable situation. It is almost self-evident that
use of portable detectors should be relied on as a back-up or
last resort system rather than the primary method for off-route
mine detection.

Considering the limitations of airborne sensors and portable

detectors, the optimum system seems to be sensors mounted on some
% type of ground vehicle. This ground vehicle could be either
™ manned or remotely controlled. However, in a manned vehicle,
personnel are again vulnerable to enemy fire or, at least, the
vehicle must be armor plated to afford a reasonable degree of

protection. In a manned vehicle, armor is an absolute necessity
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while, in an RPGV, it is an option which can be, if desirable,
. traded away in favor of other options and alternatives. The ad-
vantage in using an RPGV for mine and minefield detection is sim-
ply that personnel are not exposed to an extremely hazardous en-

vironment. An RPGV could be much smaller, lighter, more reliable

Cad e e e ad SN R SR . T - LAYty WL Ranlet SN R o

and maintainable and much less expensive than a manned vehicle

T

for the same task. The RPGV could probably be designed suffi-

T

i o ciently inexpensive as to be expendable under certain conditions.
E L An additional advantage of an RPGV would be a significant
improvement in operator efficiency and effectiveness. Operation

of sensors and analysis of feedback data requires skill, alert-

ness, and concentration. Exposure to a hazardous environment re-
sults in operator stress, fatigue, and rapid deterioration in ef-
ficiency and performance. An RPGV would place tﬁe operator in a
much safer, less stressful environment more conducive to the high
ki level of human performance required for mission success.

There are a number of real advantages in use of a RPGV for
e off-route mine detection. 1In addition, such a vehicle could be
o very useful for reconnaissance of contaminated areaé and remote

observation. The concept seems practical and potentially more

%ﬁ effective than the alternatives. However, should a development
‘i program be considered, there are several basic questions which
b }l should be resolved beforehand. |
A, The benefits of the system would be greatly enhanced if
it contained some degree of mine neutralization capa-
;i bility. However, this could greatly increase the size
‘ and cost of the vehicle.
.. 5
r-
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The degree of expected survivability must be examined.
The same basic concepts presented in this study are ap-
plicable to both small light vehicles and large heavy
vehicles. The vehicle can be protected from small arms
fire and antipersonnel mines at a relatively low cost.
A greater degree of protection requires use of massive
armor increasing the size, weight and cost cf the vehi-
cle.

The intended mission of the RPGV detection system needs
to be clearly defined in detail. The approach of this
study has been to examine the RPGV concept against the
backdrop of mine warfare, in general. However, the
threats are so many and varied that a single vehicle
capable of effective countermeasures against all possi-
ble scenarios would be complex and expensive. The mis-
sion profile needs to be narrowed while still maintain-
ing sufficient capabilities that the RPGV is effective
against the major threats. For example, antipersonnel
mines pose a limited threat to equipment and can be
neutralized by several low risk, rapid and effective
methods. Perhaps antipersonnel mines should be coun-
tered by neutralization rather than detection and mark-
ing. Detection and marking of antitank mines then be-
comes the primary mission of the RPGV system. In addi-

tion, it may be that surface mining is the primary
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threat. Detection of surface laid or scattered mines

is, in many respects, a simpler problem than detection

of buried mines.
This study was not intended to define the vehicle mission or
determine the primary areas of threat. However, this should be

accomplished before initiating a development program.
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4.0 TECHNICAL REPORT.

4.1 Introduction.
4.1.1 Purpose.

This study 1is concerned with development and analysis of
system concepts for a remotely piloted ground vehicle (RPGV).
This vehicle will be utilized in a countermine role for detection
of mines and minefields. Interface with existing mine sensors
and detection systems is also examined. The study outputs are
specific technical and operational parameters and criteria for a
RPGV mine detection system.

4.1.2 Task Definition - Phase I.

The current primary system for off-route mine detection is
portable mine detectors. These detectors are slow and expose the
operator to enemy fire, NBC contamination and antipersonnel mines,
especially tripwire fuzed mines. Because of operator vulnerabil-
ity, the survivability of the system is correspondingly very low.
One possibility for increasing the speed of operation and system
survivability is mounting of sensors and detectors on a ground
vehicle. This vehicle could be either manned or unmanned (re-
motely controlled). This study will be concerned exclusively
with the second alternative.

There are two major categories of mines; antitank (AT) and
antipersonnel (AP). As the name implies, antitank mines are rela-
tively large, frequently metallic, and intended to destroy or
disable tanks and other large vehicles. They are normally placed
several meters apart to prevent secondary detonations. Antiper-

sonnel mines are much smaller and less powerful. They may be
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either metallic or nonmetallic. Antipersonnel mines could be
placed much closer together than AT mines. The primary methods
for activation of an AP mine are pressure contact and tripwire
fuzes. Antitank mines are actuated by pressure contact, proximi-
ty of large metallic objects and seismic or acoustic disturb-
ances.

4,1.,2,1 Minefield Laying Tactics.

Mines may be placed by three distinct methods.

A, Buried. Mines can be buried some distance below the
ground surface. Normally, they will not be covered by
more than 4 to 6 inches of earth. Mines may be buried
manually or by a minelaying machine. Mechanized mine-
laying is primarily associated with AT mines. The
mines would be in rows or belts 10 to 30 meters apart
with AT mines spaced 4 to 5 meters along each row.

B. Surface Laid. Mines may be placed on the surface of the
ground by either personnel or machine. Mines placed by
ground personnel would normally be camouflaged or rea-
sonably well hidden.

C. Scattered. Scattered mines will also be lying on the
ground surface. The distinction between scattered and
surface laid mine is the method used for dispersal.
Scattered mines will be laid down by aircraft or artil-
lery. As such, they will have a more random pattern.
A minefield laid down by scattering could be character-
ized by areas of high and low concentrations of mines.

There may be "belts" or clear paths around "pockets" of

relatively high density concentrations. Scattered
10 |
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mines will be visible unless they are naturally camou-
flaged by the terrain such as tall grass. Scattered
mines may also be covered by natural forces such as
snow or blowing sand. |
Typically, a minefield will be protected by enemy “snipers",
artillery observers, or an enemy force in defensive positions.
This prevents or hampers breaching of the minefield.

4.1.3 Development of System Concepts - Phase II.

The objective of this study is to develop the system parame-
ters and operational criteria for an RPGV mine detection system
which has optimum effectiveness against the minefield laying tac-
tics outlined above. Countermine warfare is divided into two ma-
jor categories:

A. Detection and marking of mines

B. Neutralization of mines

The primary mission of this system is detection and marking.
However, consideration will be given to limited use in a neutral-
ization capacity against antipersonnel mines.

The contract for this effort lays down the following ground
rules.

A. The system will be used for off-route mine and mine-

field detection.

B. The system will be composed of sensors mounted on a re-

motely piloted ground vehicle (RPGV).

Within these ground rules, we have attempted to systemati-

cally analyze every possible alternative. Many alternatives are

11
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SUMMARY OF THE THREAT

I. ‘Classification of Mine Types
A, Antitank
B. Antipersonnel
C. Metallic and nonmetallic
II. Method of Placement
A. Buried
1. By ground personnel
" 2. By minelaying machines
B. Surface laid
1. Intentionally camouflaged
2, Naturally camouflaged
3. Covered by natural forces such as snow, blowing
sand, etc.

4., Visible

'AJ-

C. Scattered from aircraft or artillery
1, Naturally camouflaged by terrain
g 2. Visible

s E S T aluTa

e. Covered by natural forces
D. Type of Fuzing
1. Contact pressure
2, Magnetic
3. Seismic
4, Acoustic
5. Trip wire
II1. Minefield May be Defended by Small Arms Fire or Artillery

12
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simply listed and immediately discarded as impractical or incon-

sistent with overall system requirements. Other alternatives are
investigated in detail.

The system is composed of three major elements. The remote-
ly piloted ground vehicle (RPGV) is one element of the system.
The RPGV will be a self-propelled machine capable of being driven
and controlled by any operator located some distance away. The
second element of the system is the mine detectors and sensors.
The appropriate sensors and detectors will be mounted on the
RPGV. The third and final element is the remote monitor and con-
trol system. This element is composed of those devices, con-
trols, television monitors, transmitters, receivers, etc. which
are necessary for operation of the RPGV and mine sensors from a
remote location.

In order to perform a logical and systematic investigation,
the three major elements were subdivided in accordance with the
outline given below. Each subelement is then the target of a de-
tailed investigation.

A, RPGV design parameters and criteria

1, Undercarriage
a. Tracked
b. Wheeled
2. Traction system
a. Mechanical transmission
b. Hydrostatic
3. Power plant

4. Vehicle physical and operational characteristics

13
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5. Vehicle control system
6. Vehicle guidance system
7. Survivability

B. Detector interface
1. Mechanical interface design
2. System interface
3. Television systems
4, Marking systems

C. Monitor and Control System
1. Vehicle
2. Sensor
3. Sensor data feedback

4.1.4 Evaluation of Concepts and Selection of Candidates for De-

tailed Investigation - Phase III.

The three major elements of the RPGV Detector System (vehi-
cle, sensors, and monitor) have been briefly defined above. Ex-
cept for the limits imposed by contract definition, there are a
large number of possibilities for each of these elements. Before
starting a detailed investigation, it is necessary to eliminate
those possibilities which seem counterproductive, impractical, or
simply not worth the time and effort. This will allow narrowing
the field of study and concentrating effort on those concepts
which seem to show the most promise.

4.1.4.1 Large, Heavily Armored vs. Small, Lightly Armored.

The primary system presently used for off-route mine detec-
tion are the man portable AN/PRS-8 and AN/PSS-11. The primary

objective is to develop a system which will be faster and have
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better survivability than this existing system. A ground vehicle

with limited or no armor will meet both of these objectives.

. It seems reasonable that a mine detection system should be
capable of operation in an AP and AT mine environment with a low
probability of being destroyed or disabled by the mines. In
fact, tripwire fuzed AP mines are likely to be detonated by pas-
sage of the vehicle since it is not 'likely that any sensor will
be capable of detecting tripwires. Scattered mines may also be
tripwire fuzed and, in this case, it is probably impossible to
negotiate a path through the minefield without causing a number
of explosions. Survival in an AP minefield would seem to require
some degree of light armor to protect vital components of the ve-
hicle and sensors.

A different type of threat is presented by high density AP
minefields. Even a small vehicle could be "boxed in'" and umsble
to find a path sufficiently wide to allow maneuvering through the
mines. The probability of encountering such a "high density" AP
minefield is not known. However, if this is a real threat, mis=

sion success could depend on the vehicle having the capability to

“"neutralize the mines and clear its own path.

Survival in an AT minefield will depend on not detonating a
mine in close proximity to the vehicle. It is not practical to
consider a vehicle design capable of surviving a close AT mine
explosion for this type system. Doing 2o would dictate a large
vehicle with massive armor. This is counterproductive since the

mines and minefield were designed to prevent passage of exactly

this type of massive vehicle. The mission requires detection and
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marking of mines. It follows that the vehicle must be small

enough to negotiate a path around detected mines without disturb-
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ing those adjacent. It could be impossible to maneuver a large,

FOREN

massive vehicle through an AT minefield. A small, lightweight

vehicle has a higher probability of mission success. The primary

method of survival in an AT minefield will be detection and

avoidance rather than massive armor. This depends on a small,
highly maneuverable vehicle with a good AT mine sensor.

The system operational requirements indicate that the RPGV
will likely be subjected to explosion of AP mines at least in
close proximity to the vehicle. The capability of surviving a
direct contact AP mine explosion is also very desirable, although
perhaps not a firm requirement. The degree of required surviva-
bility against direct contact explosions depends on the effec-
tiveness of the sensor system. If the system is highly effective
and reliable, the RPGV will seldom be exposed to a direct contact
explosion and it may not be a cost effective to consider such a
limited threat.

Antitank mines are designed to disable or destroy battle

tanks and it is not practical for the RPGV to be more survivable !
than a battle tank. The approach to survival in an AT minefield

will be to detect and avoid the mines. This will require a

small, lightweight and possibly relatively quiet vehicle which is

highly maneuverable.
FI Current Army inventory does not contain a small lightly ar-
; mored vehicle capable of meeting the required maneuverability and

survivability factors. The last known U.S. Army vehicle having
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L iz these size, armor, and maneuverability characteristics was a
5 . scout vehicle modeled after the M-113 Armored Personnel Carrier.
o These scout vehicles were phased out of service several years ago
and were frequently placed on tank and artillery impact areas.

5 The factors of cost, reliability/maintainability, and logis-
! tical interface will be addressed later in this report. In each

case, purchase of small lightweight vehicle is the optimum solu-

tion.

4.1.4.2 Method of Remote Control.

There are two primary methods for remote control of the
RPGV.

A, Through an umbilical by either electrical signals

transmitted over wires or using optical fibers.

B. Transmission of signals by carrier wave, i.e., radio,

television, and microwave.

The disadvantages of an umbilical are obvious and include
mainly:

A. Short practical range or distance between the RPGV and

the controller.

B. High probability of the vehicle becoming disabled

through damage to the umbilical cable.

Control through an umbilical was judged to be inconsistent
with overall mission requirements. Signal loss through cables,
higher power requirements than radio systems, large weight and
volume of cable required on a small vehicle, cable susceptibility

to wear and damage by following vehicles or enemy action, and
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determination of operator position by enemy observation were the
main drawbacks in this determination. Inclusion of a cable con-
nection option may be practical for limited uses. The only envi-
sioned occasions where the cable is desirable are during periods
of radio silence and when enemy jamming make use of a radio link
unacceptable. The remaining choice is control by carrier wave
signals.

All electromagnetic waves are '"line-of-sight". 1In other
words, the system becomes inoperative with a sufficiently large
obstruction between the RPGV and controller which blocks the car-
rier wave. This limitation can be effectively removed by an air-
borne relay system consisting of a receiver, amplifier and trans-
mitter (see figure next page). Signals are then transmitted
through the relay system over obstructions. However, this seems
to be an unnecessary complication of the RPGV detectiorn system.
Limiting the vehicle to "line-of-sight" afisratisi: does not seem
to be a serious shortcoming. The vehicle could still operate
several hundred meters to several kilometers in advance of the
controller depending on flatness of the terrain and antenna
height. Nevertheless, an airborne signal relay system is cer-
tainly a practical, though expensive, approach. The relay system
could be mounted in an aircraft or suspended from a lighter than
air balloon.

4,1.4,3 Control Station Platform.

The -control station is that part of the system which is man

operated. 2 The vehicle will be monitored and controlled from a
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.gobile console. The platform for transporting the control sta-
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tion can be:

-

A. Air vehicle

: B. Ground vehicle
: C. Man portable
g An aircraft mounted control station is not consistent with
1; overall mission requirements.
: A, Mission time would be severely limited by aircraft fuel
limitations.
B. An aircraft lingering in one area for a long period of
time is an inviting target.
C. Unnecessarily complicates the system and does not offer
) any substantial advantage over the ground vehicle al-
i ternative.
. The control station must contain at least the following ele-
é ments:
: A, Controls for vehicle operation
3 B. Controls for sensor operation
% C. Sensor data displays
;j D. RF receiver and transmitter
E. Encoders and decoders
F. Microwave receiver
G. Amplifiers and relays
; H. At least one and possibly two television monitors
S I. If the control station is man portable, it must also
.
N

contain its own power supply.
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It is doubtful that the size and weight of the control sta-
tion and battery packs could be low enough to allow classifica-
tion of the station as "portable'". At the very least, design of
a portable station would be a formidable task requiring high
technology state-of-the-art electronics. This is not consistent
with the objectives of low cost, low risk, and high reliability/
maintainability.

The remaining alternative is mounting of the control station
on an existing ground vehicle such as a jeep, truck or APC as the
conditions dictate.

4.1.4.4 Summary; Basic Concepts and Criteria.

The remainder of the study will be developed around the pre-

vious conclusions which are summarized below.

A. The RPGV will be small, lightweight, lightly armored
and nighly maneuverable.

B. The system will use RF and microwave signals for two
way transmission of data. The system will be limited
to line-of-sight operation.

C. The control station will be a mobile device mounted in
a separate ground vehicle.

4.2 Investigation of Selected System Concepts - Phase IV.

4.2.1 1Investigation of Vehicle Parameters.

4,2.1.1 Chassis Design.

The first step in the vehicle invertigation is analysis of
the basic vehicle chassis type. An anelysis of the major opera-
tional requirements related to the vehicle will be used as the

approach to selecting the optimum design. It has already been
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determined that the vehicle should be as lightweight and small as
possible. The other major operational criteria are:

A. Operation on adverse terrain

B. Maneuverability

4,2,1.1.1 Adverse Terrain Operation.

Since the vehicle is intended for off-route use, it must be
capable of operation in adverse terrain and all types of soils.

Meeting this operational parameter requires the following as a

minimum,
A. On wheeled vehicles, all wheels must be driven. A ve-
hicle with nonpowered wheels is not capable of opera-
tion in soft soils,

B. The vehicle must have a low ground pressure. This is

essential for operation in soft soil, sand or mud.

C. The vehicle must have a high torque to weight ratio.
This is particularly important when negotiating very

rough terrain at low speeds or pulling through sand or

mud.
D. Remote operation over rough terrain requires excellent

stability. The vehicle center of gravity must be as
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low as possible and located as close to the wheelbase

Lot g
a

center as possible,

Even though the center of gravity must be low, the ve-

A P OO
]

hicle must still have high ground clearance. Low
crossframe members or differentials can strike obstruc-
tions in rough terrain or "bottom out" when operating

in soft soil or mud.
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4.2,1.1.2 Maneuverability and Steering.

'I
.I
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. The vehicle must have excellent maneuverability. This is
desirable in any all terrain vehicle but is particularly impor-
e tant in a remotely operated vehicle where the operator will prob-

ably be steering by a television monitor. Steering around obsta-

- cles could be a problem under these conditions unless the vehicle
has a very short turning radius. Driving of the RPFGV will be
very different from the normal direct control of a vehicle. The

L human eyes provide a wide field of vision, effectively 180° with

only minor head movements. Human eyes also have binocular vision
which provides depth perception. This allows an operator of, for

example, an automobile to plan his moves far in advance. This

will not be true when steering from a television monitor with
limited field of vision and no depth perception. The operator
will be much less capable of advance planning and a vehicle with
a long turning radius could be very difficult to effectively op-
erate over rough terrain. This particular problem becomes criti-
cal when attempting to '"worm" the vehicle through a minefield.
In this respect, a very sharp turning radius is essential.

4.2.1.1.3 Chassis Types.

There are four basic chassis designs in common use. These
are:
A. A rigid frame with steerable wheels.
B. A pivoted frame with fixed wheels.
Tracklayers.

D. Rigid frame and fixed wheels,
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4.2.1.1.3.1 Rigid Frame, Steerable Wheels.

This is the familiar automotive type arrangement. The front
wheels are normally steerable although, in some applications,
both front and rear wheels are steerable to achieve a lower turn-
ing radius. This basic design can be applied to vehicles with
two rear axles, in which case, only the front wheels are steera-
ble and the turning radius becomes quite large. A minimum turn-
ing radius limits the vehicle to 4 wheels. The turning radius
can be further reduced by making all four wheels steerable, but
this results in a very complex vehicle. Cramp angle on steerable
wheels are normally limited to 40° to 45°.

4.2.1.1.3.2 Pivoted Frame, Fixed Wheels.

This is the articulated vehicle common in certain types of
construction machinery. In this design, the frame is pivoted at
a point between the front and rear wheels. Steering of the vehi-
cle is accomplished by turning the front half of the vehicle rel-
ative to the rear half. The advantage of the articulated vehicle
is that it achieves the reduced turning radius of a four steera-
ble wheeled vehicle without complex geometry and design. The ar-
ticulated type vehicle has an inherent disadvantage in the area
of stability. As the frame is pivoted, the distance from the ve-
hicle center of gravity to the outside wheels is greatly reduced
producing a drop in overall stability. This is particularly im-
portant when making downhill turns and considerable caution must
be used to prevent overturning. Articulated machines are normal-
ly limited to four wheels and, because of the stability problem,

the pivot angle is seldom over 45°.
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4.2.1.1.3.3 Tracklayer.

A tracklayer is a vehicle like a tank. The undercarriage
consists of a continuous steel linked belt (sometimes rubber)
moving around a series of drive and idler sprockets and rollers.
Steering is accomplished by producing a differential in speed be-
tween the right and left tracks. If sufficient power is availa-
ble and with a properly designed transmission, one side can be
driven forward and the other in reverse which results in the ve-
hicle turning about its own center. This is the smallest possi-
ble turning radius for any vehicle. This type steering is com-
monly called '"skid steering" and is employed on some modern
tracklayers. Many tracklayers, particularly older types, do not
have the power and proper transmission design to allow counter
rotation of the tracks. In this case, steering is accomplished
by locking one track and driving the.other. The vehicle then
turns about the center of the locked track. This is called "piv-
ot steering"”.

Tracklayers are inherently very stable with a relatively low
center of gravity. The very nature of the design places a large
surface area in contact with the ground producing the lowest pos-
sible ground pressure. Tracklayers are capable of producing very
large tractive forces and "spin out'" of the tracks is unlikely on
most terrains.

The advantages of tracklayers (maneuverability, stability,
low ground pressure, and high drawbar pull) have made this con-
cept very popular in certain types of off-road construction

equipment. Tracks are also very common on high density machines,
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such as certain military vehicles. Military vehicles (tanks) of-
ten carry a considerable amount of armor plating. This results
in a vehicle which is relatively heavy, compared with physical
size. Tracks are sometimes chosen for this type vehicle because
they have the capability of supporting large loads in less physi-
cal space than would be required by wheels. Tracks are also less
vulnerable to damage from small arms fire than are wheels.

The use of tracks on certain types of military and industri-
al vehicles may be driven as much by tradition as operational re-
quirements. The advancements in tire design, foam filling of
tires, and new technology in wheeled vehicle design over the past
decade is resulting in replacement of tracks with wheels in many
applications. This is evidenced by the increasing number of mil-
itary combat vehicles currently fielded or in development with
wheeled undercarriage.

The reason for movement away from tracks in many applica-
tions is that tracks have several major inherent problems.

. Relatively heavy construction
. Relatively slow ground speed
. Damaging to many types of surfaces

. Low reliability and maintainability
. Relatively short service life

. High power requirements in turns

A
B
c
D
E. High maintenance and logistics costs
F
G
H. Low ground clearance

I

. High noise and vibration level
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e J. High initial procurement costs
K. Poor survivability in abrasive soils such as sand or
gravel

4.2.1.1.3.4 Rigid Frame - Fixed Wheels.

The fourth basic type of chassis design has a rigid frame
and fixed wheels. Steering is accomplished by a differential in
wheel speed (as in a tracklayer) and the vehicle is capable of
turning about its own center. This concept has become increasing
popular in the last few years because it has most of the advan-
tages of tracklayers without many of the disadvantages. The con-
cept is applicable to four or more wheels but is usually charac-
terized by either six or eight wheels.

An example of a rigid frame, fixed wheel chassis is the "All
Terrain Undercarriage" manufactured by Standard Manufacturing
Company, Inc., Dallas, Texas (see next two pages). The "All Ter-
rain Undercarriage'" (ATU) contains either six or eight wheels all
of which are powered. The ATU is manufactured in several differ-
ent sizes for vehicles with a gross weight up to 100,000 pounds.

Since the rigid frame, fixed wheel chassis is a relatively
new concept, the reader may not be familiar with the basic theory
of a wheeled undercarriage. For this reason, a brief description
of Standard's ATU will be given here. It should be noted that
not all wheeled undercarriages contain all the features described
for the ATU. There are other types which, for example, do not
have the ability of counter-rotation and do not use the same type
drive system. In addition, the lowered center wheel is a patent-

ed feature unique to the ATU.

----------------------------------------
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The basic ATU concept is an undercarriage made up of two
side frame assemblies. These assemblies are identical; one is
used on the left and one on the right side. Each side has three
or more axles. (Herein, the discussion wili deal with the three
axle six wheel type.) The end axles are. higher, relative to
ground, than the center axle. This feature allows the center
axle to carry a larger portion of the GVW than the end axles.
The combination of the center axle carrying a greater load, plus
the center wheels basically rolling in a circle when the vehicle
is counter rotating, reduces the total skidding effect, parti-
cularly on hard surfaces. This feature reduces the turning re-
sistance of the undercarriage, thus requiring less turning power.
All three axles are jointly chain driven from a common gearbox

(or boxes). This allows any wheel or combination of wheels to

receive fuyll drive power in the event one or more of the wheels
on that side is off the ground. The gearbox is driven by a hy-

draulic motor coupled with a failsafe brake. The hydrostatic ef-

fect of the drive system is used as the normal service/working
brake. The structural frame, each side, is an all welded tubular
i box section structure with integral axle supports. The drive
# chains, sprockets and axle bearings operate internal to this en-
closed hox section in an oil bath. The carried equipment sup-

porting structure can be directly welded to these side frame

structures or bolted to support pads.
The major features and their relating design criteria fall

into two basic categories: drive system, and frame structure.
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The 6-PAK All Terrain Undercarriage

The original “Standard” in the field for
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FEATURING
REDUCED MAINTENANCE
SIX WHEEL HYDROSTATIC DRIVE

INCREASED SPEED
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DRIVE SYSTEM - The drive system can be separated into two
groups: 1) motor, brake, gearbox, chains and sprockets, and 2)
tires, wheels, axles and axle bearings. Starting with an esti-
mated GVW, a tire is selected on the basis that any pair of
wheels must carry the total GVW. The theoretical turning resis-
tance is determined first in that turning power dictates the max-
imum drive train torque requirements. The gearbox, motor, chains
and sprockets are sized to provide an actual torque of 1.5 times
greater than the theoretical turning resistance torque. In these
determinations, certain trade-offs can be made with track width
and wheel spacing which determine gearbox and chain sprocket ra-
tios and chain size. For the minimum turning resistance possi-
ble, the track width is kept at a maximum and the wheel spacing
at a minimum. The gearboxes are a combination of spur gear and
planetary reduction elements. Virtually any type of drive motor
(gear, vane, axial piston, etc.) or any make of drive motor can
be used. High pressure two speed motors provide the widest
torque and speed ranges.

Axle and axle bearing sizing is determined based on driving
torque, chain pull and wheel loads. Tapered roller bearings are
utilized as axle bearings and‘the bearing spacing is selected to
optimize the axle and bearing size versus cost.

FRAME STRUCTURE - The main frame member, each side, is a tu-
bular box section weldment. The basic box section size is deter-
mined by the chain and sprocket sizes. Strength, weight and cost
factors are considered in the material sizing and type selection.

Integral to this frame weldment are circular tubular elements
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which serve as the outboard axle bearing supports. The inboard
bearings are contained in a bolt-on bearing carrier. This bolt-
on bearing carrier also allows for the axle sprockets assembly/
disassembly. Access openings are provided in the box section top
plate for drive chain access. The box section side walls are re-
inforced to stiffen the walls and distribute the loads into the
box structure at the axle and gearbox support points.

4.2.1.1.4 Comparison: Wheel and Track Undercarriage.

The basic requirements for operation in adverse terrain, low
ground pressure, high tractive forces, excellent maneuverability,
and good stability are not satisfied by the first two chassis
concepts. A drawing showing the relative turning radius of the
major chassis types follows on next page.

The fixed frame, steerable wheel concept (automotive type)
would be limited to four wheels with two steerable wheels by
practical considerations of cost and system complexity. This
will result in a relatively high ground pressure and limit opera-
tion in soft soil. The turning radius will also be too large for
effective negotiation of minefields.

The fixed wheel, pivoted frame concept (articulated type) is
difficult to apply to small vehicles. This concept also has the
same shortcomings as the automotive type. The ground pressure
will be relatively high and the turning radius relatively large.
In addition, there is the stability problem which is serious in a
man operated vehicle and could be disastrous in a remotely con-

trolled machine. A drawing showing the relative stability of the
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vehicle with and without the trame pivoted demonstrates this
problem. The stability in a maximum turn is reduced by a factor
of about 2.

The remaining two chassis concepts (tracklayer and rigid
frame, fixed wheel) both comply with the basic requirements. An
additional advantage of these two chassis types is simplicity of
controls. Skid steering is basic to these two concepts. This
means, in effect, that the same system used for propelling the
vehicle is also used for steering. This is obviously superior
from a control standpoint.

All things considered, both the tracklayer and ATU concept
are about equal with respect to ground pressure, tractive forces,
maneuverability and stability in this particular application.
Therefore, determination of the optimum concept requires a deeper
analysis of other factors and requirements. The follbwing char-
acteristics and requirements will be evaluated with respect to
relative merits of the two concepts.

A, Weight
| B. Ground speed
C Simplicity of concept, reliability and maintainability
D. Life cycle cost
E. Survivability
F. Ground clearance
G. Noise and vibration
4.2.1.1.4.1 Weight.

A track undercarriage will commonly weigh about twice as

much as a wheel undercarriage of the same capacity. This follows
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from the all steel construction and necessity for a number of
track rollers, drive sprockets and the relatively heavy track it-
self. The undercarriage will usually account for 30 to 40 per-
cent of a tracklayer's total weight. Conversely, a wheel under-
carriage will comprise only 15 to 207 of the total vehicle
weight.

4.2.1.1.4.2 Ground Speed.

The nature of the construction and design places a low limit
on practical ground speed for a tracklayer. Industrial track un-
dercarriage construction equipment commonly has a maximum ground
speed of 2 to 3 miles per hour. This is forced by the nature of
the track design. Each link joint contains an unlubricated pin
and bushing. The tracks are driven by stee. sprockets rolling
over the link pin bushings. These are high wear points and have
practical limiting speeds to prevent unacceptably rapid wearout.
In addition, the track rollers are subject to damage from dynamic
forces. Rough terrain operation can cause concentration of
weight on one roller resulting in damage to the roller, link, and
track shoe. This problem is greatly accentuated by an increase
in ground speeds because of induced dynamic loads. It must be
noted that industrial tracklayers do not have any type of suspen-
sion system. There is no cushioning or shock absorption when
hitting or rolling over an object. Hitting a football size rock
at high speed will seriously damage or disable a track. From

this standpoint, tracks are not nearly as 'rugged" as they ap-

pear.
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Low ground speed is inherent in the track concept and, it
must be stressed, is a very real problem without a practical so-

- lution. The tracklayer industry has attempted for many years to

&I produce a practical reliable, cost effective high speed track de-

h sign. The failure of these efforts is evidenced by the total ab-
. sence of a commercially available high speed tracklayer.

A wheeled undercarriage is capable of ground speeds up to

about 20 miles per hour without a suspension system. Speeds in

excess of 20 mph require a suspension system because of induced
dynamic forces. The wheeled undercarriage is capable of rela-
tively high speeds because only the tires are in contact with the
ground and the wheels are mounted on axles supported by lubricat-
ed live bearings. The tires also provide a natural cushion which
dampens dynamic loads.

The author has somewhat belabored low ground speed of track-
layers. However, the point has been the practicality of high
speed tracks, not the technical possibility. Obviously, there
- are numerous military tracklayers with the capability of ground
! speeds in excess of 30 mph over rough terrain. This capability
has been achieved by incorporation of a very elaborate and expen-
sive suspension system and acceptance of high cost, short service
life and low reliability as a ''necessary evil'". These trade-offs

are probably justified in a battle tank. However, they are ex-

tremely difficult to justify in anything else. The advantage of

high speed is more than offset by the extreme disadvantages in

practically all other applications. The concept of high speed

tracks is judged not compatible with the basic concept of the
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RPGV mine detection system. Therefore, an RPGV with track under-
carriage would be limited to a maximum ground speed of about 2 to
4 miles per hour.

4.2.1.,1.4.3 Simplicity of Concept; Reliability and Maintainabil-
ity.

A typical track design is shown on the following drawing.
It will be assumed that the reader is familiar with the track
g concept and only a brief summary of the design will be given
here. The description is also limited to industrial type tracks.

High speed military tracks are quite different and have already

been eliminated as a practical consideration for the RPGV.

The track itself is a continuous steel linked belt passing
around a drive sprocket and idler sprocket. The arrangement is
somewhat similar to a bicycle chain and sprockets. The number of
individual 1links in the track depends on the track length,
sprocket pitch and other variables but is normally in the range
of 50 to over 100 links. Like a bicycle chain, the links are
pinned together to enable bending around the drive and idler
sprockets. The idler sprocket is normally mounted on a device
intended to maintain tension on the track. This is extremely im-
portant since loss of track tension will result in "throwing" of

a track and possible extensive damage. Between the drive and id-

ler sprockets are a number of rollers which distribute the vehi-
cle weight along the track. The number of rollers required is
again variable but is usually in the range of 2 to 6. There will
also be a number of idler rollers whose function is to support

the track on the unloaded (top) side.
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The complexity of this concept is apparent. It contains a

large number of unlubricated moving parts and pivot points and
the sprockets and rollers are operating steel against steel. The
detrimental effects are compounded by the fact that all this
movement is taking place right down in the dirt. Tracks are very
susceptible to damage from foreign objects jammed between the
links or between the track and rollers. Abrasive soils such as
sand or gravel greatly increase the wear on sprockets, link pins
and bushings. The reliability of tracks is comparatively 1low.
This is a consequence of the large number of moving parts, large
number of unlubricated joints and the fact that the link pins, l
bushings, sprockets, and rollers are exposed to abrasive effects
of the soil.

The reliability of a system is directly proportional to the
number of active elements in the system. In other words, the
greater the number of parts, the lower the reliability. For a
given system, minor increases in reliability can be achieved

through design improvements and better quality control. A sub-

f% stantial increase in reliability will almost always require a
; drastic alteration of the concept which results in either a large
" decrease in functional element numbers or eliminates some opera-
é tional parameter which is driving (forcing) the low reliability.
é The reliability of a track is essentially determined by the large 1
? number of components and the abrasive and damaging effects of the :
ii terrain. It is not realistic to expect any substantial improve- d
; ment in the reliability of tracks in a new design. Low reliabil-
Z ity is, in effect, inherent in the very operational and design :
? concept. i
f 40 ‘
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Preventative and corrective maintenance is high for tracks.
The high corrective maintenance labor is a direct consequence of
the low reliability. The repair or replacement of track shoes,
links, pins and bushings will be a frequent requirement, particu-
larly in highly abrasive soils. Preventative maintenance is also
high for tracks and must be performed on a daily basis. This in-
cludes:
A, Cleaning of track links and rollers
B. Greasing and oiling rollers and sprockets
c. Checking and adjustment of track tension
A wheeled undercarriage, properly designed, will have 4 to 5
times the reliability of a tracked undercarriage. This is a di-
rect result of three important advantages in the wheel concept.
A, The only thing in contact with the ground is the wheels
(tires).
B. The drive mechanism can be entirely enclosed and effec-
tively lubricated.
C. The wheel concept has about 1/3 to 1/2 the number of
functional elements of a track.
Corrective maintenance will be low because of the high reli-
ability. Preventative maintenance can be virtually eliminated
(compared with tracks) if the entire drive mechanism is enclosed.

4.2.1.1.4.4 Life Cycle Cost.

There are numerous factors which determine the total cost of
a vehicle over its useful life. For the purpose of comparing the
life cycle cost of track and wheel undercarriages, we shall use:

A. Initial procurement cost

B. Cost of replacement parts

41
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C. Cost of corrective maintenance labor

D. Cost of preventative maintenance labor

Experience has demonstrated that about 90 to 95 percent of
the life cycle cost will be determined by these four factors. A
service life of 15 years and a utilization rate of 4 hours per
day, 5 days a week will be used. Of course, in wartime, the uti-
lization rate will be much higher, but it is not reasonable to
base a 15 year cost analysis on wartime conditions. The cost
analysis also assumes constant dollars, i.e., zero inflation.

The initial procurement cost of a wheeled undercarriage is
about 70 to 75 percent of a track undercarriage. A track under-
carriage in the size required for the RPGV would cost approxi-
mately $10,000.00 making the wheeled undercarriage cost about
$7500.00.

The assumed utilization rate equals about 16,000 operating
hours over the life of the vehicle. 1In this length of uvime, it
is estimated that the replacement parts costs for a tracked un-
dercarriage will equal four times the initial procurement cost or
about §40,000.00. Because of the higher reliability and improved
operating conditions for the wheeled undercarriage, replacement
parts will just about equal the initial cost. However, tire
wearout may play a more important role in life cycle cost than
would be indicated by a simple reliability analysis. A cost fac-
tor of two times the initial procurement cost is probably more
realistic. Replacement parts for the wheeled undercarriage will

cost about $15,000.00 over the service life.
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Corrective maintenance on a track undercarriage will equal
about 207 of the operating hours. For the 16,000 service life
operating hours, about 3200 manhours of corrective maintenance
will be required. The latest figures available to the author for
the cost of labor for military personnel in this category is
about $7.00 per hour making the life cycle maintenance cost equal
$22,400.00. Corrective maintenance on the wheeled undercarriage
will be about 57 of the operating hours. This is a direct conse-
quence of the improved reliability. This makes the life cycle
corrective maintenance cost $5600.00.

Preventative maintenance cost for a track undercarriage is
estimated at one manhour for each 10 operating hours. Over the
life of the vehicle, 1600 manhours will be expended on preventa-
tive maintenance at a cost of $11,200.00. The wheeled undercar-
riage, because of the enclosed and lubricated drive system and
the elimination of cleaning and tension adjustments, requires
only one hour of preventative maintenance per each 50 operational

hours. This equals 320 manhours at a cost of $2240.00.

The life cycle costs for the two systems is the summation of

the four elements.

Tracks Wheeled
Initial Cost $10,000.00 $ 7,500.00
Replacement Parts $40,000.00 $15,000.00
Corrective Maintenance $22,400.00 $ 5,600.00

Preventative Maintenance

Life Cycle Cost

Undercarriage Cost per Year

$11,200.00
$83,600.00

$5,573.00

$ 2,240.00
$30,340.00

$ 2,023.00




Of course, these estimates are somewhat subjective and sub-
ject to critical review. Nevertheless, the life cycle cost dif-
ferential is so great that there is no doubt the wheeled under-
carriage is very attractive with respect to cost.

4.2.1.1.4,5 Survivability.

There are two categories of survivability; combat and envi-
ronmental/operational. Operational survivability has already
been dkscussed to some degree. Generally speaking, the wheeled
undercarriage has the advantage in this area. Almost all types
of soil and terrain are detrimental to operation of tracks. By
comparison, the type of terrain has almost no effect on the oper-
ational survivability of the wheeled undercarriage.

Combat survivability is a more difficult problem to analyze.
Intuitively, it may seem that tracks have the advantage in this
area, Certainly, they are more resistive to small arms fire than

is a normal tire and probably more resistive to an AP mine explo-

sion. (Note: Antitank mines are eliminated from this discussion
since both types of undercarriage would be destroyed or disabled
by an AT mine explosion.) We use the word “probably" with re-
spect to AP mines because we are discussing a small vehicle and,

therefore, lightweight tracks. It is not certain that light-

weight tracks would survive an AP mine. On the other hand, a six
wheeled undercarriage probably could survive such an explosion.
The reason is that, even with one wheel completely destroyed, the
wheeled vehicle would still be capable of operation although some
capabilities would be reduced. Loss of a track, of course, com-

pletely immobilizes a tracklayer. The AP mine survivability of
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wheels and the type of small, lightweight tracks which would be
used on the RPGV is judged about equal. If the tires were '"foam
filled", the tire has a very good possibility of survival and, in
this case, may be superior to a lightweight track.

Survivability of wheels with respect to small arms fire re-
quires that the tires be filled with one of the several types of
"foam" currently used in many off-the-road industrial vehicles.
This foam (normally a urethane) is pumped into the tire under
pressure entirely replacing the air in the casing. When the liq-
uid cures, it becomes a solid, resilient urethane rubber which
effectively eliminates loss of a tire from punctures or cuts

smaller than about 4 inches in length. The foam filled tire be-

‘comes heavier and harder than an air filled tire. However, it

does not become a '"hard rubber" tire. In fact, a foam filled
tire maintains most of the shock absorption capability of a pneu-
matic tire. The weight increase, in a tire size applicable to
the RPGV, would be 60 to 70 pounds per tire.

The survivability of foam filled tires with respect to small
arms fire and direct contact AP mine explosions has been tested
by the U.S. Army at Aberdeen, Maryland. Foam filled tires are
relatively immune from the effects of sniper fire. The tire can
withstand numerous "hits'" and still function normally. On the
other hand, the capability or probability of surviving sustained
or concentrated small arms fire is probably better in a tracklay-

er. Once again the word "

probably" is used because the effects
of small arms fire on lightweight tracks is not known for cer-

tain. It is conceivable that foam filled tires could be more ef-
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fective against concentrated small arms fire than lightweight
tracks.

The survivability relating to direct contact AP mine explo-

sions is best demonstrated by the following four photographs.

A, Photograph No. 1. The explosive charge used in these
tests was a bomblet from an Air Force cluster bomb
weapon.

B. Photograph No. 2. This photograph shows damage to an
ordinary (foam filled) 7.50-16 tire and wheel. Note

l that both tire and wheel have been effectively dis-
abled.

C. Photograph No. 3. Damage to a 18-19.5 off-road tire,
foam filled. Although the tire has been seriously dam-
aged, it has not been disabled. A vehicle equipped
with this foam filled tire would still be capable of
normal operation.

D. Photograph No. &4, Damage to a large diameter earth-
mover tire (23.5-25). Damage has been minimal. Test
personnel estimated that two additional explosions at
the same point would be required to disable the tire.

The Aberdeen tests have only recently been completed and the

official test results will not be published for several months.
We cannot, therefore, refer to a specific report number or offi-
cial results or conclusions. The photographs must stand on their
own merits and the reader draw his own conclusions and results
from them. However, there are three interesting points which

should be noted.
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PHOTOGRAPH NO.
BOMBLET
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PHOTOGRAPH NO.
7.50-16 TIRE
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PHOTOGRAPH NO. 3
18-19.5 TIRE




PHOTOGRAFH NO. 4
EARTIIMOVER TIRE




A. The bigger the tire, the greater the probability of
survival. This, of course, seems to be intuitively
correct.

B. Tire diameter is not as important as section height and
width. The resiliency of the tire is determined by
section width and height. It is this resiliency which
absorbs the explosion and prevents damage to the wheel.

C. Since a track, by nature, does not have resiliency like
a tire, it is doubtful that a lightweight track could
dissipate the explosion and still be capable of opera-
tion.

4,.2.1.1.4.6 Ground Clearance.

One of the primary advantages of tracks is their relatively
low profile. This also results in one of a tracklayer's primary
disadvantages, low ground clearance. The ground clearance of a
wheel undercarriage will be about 5071 greater than a correspond-
ing size track undercarriage. The reason for this difference is
the requirements for cross axles and torsion bars on tracked un-
dercarriages. The maximum height for these cross members is the
center of the drive or road wheels to which they are attached.
On a wheeled ATU, however, the only items of equipment required
to be between the wheels are the two thin side frame members and
their respective hydrostatic drive motors. Frequently, the low-
est member spanning the gap between side frames is at a level
near the top of the wheels. Comparison of similar units having
thirty inch diameter wheels or sprockets would result in the

tracked undercarriage having a nominal clearance of approximately
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thirteen inches. The wheeled ATU would have a clearance of ap-
proximately twenty-five inches in the center, sixteen inches un-
der the drive motors, and nine inches under the side frame mem-
bers. This comparison readily shows that the wheeled ATU can be
made to straddle obstacles approximately twice as high as its
tracked counterpart.

4.2,1,1.4.7 Noise and Vibration.

The noise and vibration produced by a tracklayer is well
known. Everyone has watched a tank or bulldozer roll by and
noted the high noise level and characteristic "bump-bump" motion

of the tracks almost like it was rolling over a series of invisi-

ble objects. This characteristic of tracklayers is a consequence
of the difference in angular velocity between the drive sprocket

pitch line and the track shoes. As each track shoe contacts the

a

ground, it must rapidly decelerate to match the sprocket veloci-

-

ty. The dynamic force of this deceleration produces the "bump".
These dynamic forces also make a tracklayer self destructive, to

a degree, since they are transmitted through the shoes to the

L N
et DRI R R

links, pins, bushings, and sprockets.
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The inherent noise and vibration produced by a track would
be a serious disadvantage in the RPGV mine detection system. The
electronics of the television system and camera, and the mine
sensors and detectors would require an extra degree of sophisti-
cation and protection to enable effective operation on a tracked

vehicle. The shock and vibration transmitted to the carried

K

equipment is one of the most serious problems with a tracklayer.
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4,2.1.1.5 Summary - Chassis Design.

The analysis has reached two basic conclusions.

A, The undercarriage of the RPGV must be either track or
rigid frame, fixed wheeled (six or eight wheels).

B. The wheel undercarriage, such as the Standard Manufac-
turing Company, Inc. ATU, is the most advantageous ap-
proach in this application. Tracks may possibly offer
better survivability against small arms fire, but the
wheeled undercarriage is superior in every other opera-
tional requirement.

The conclusions of this analysis are so overwhelmingly in
favor of a wheeled concept as to appear prejudiced. However, the
B investigators believe the analysis has been fair and realistic.
The fact of the matter is, tracks offer few, if any, advantages
over wheels except in extreme circumstances while tracks suffer
from a number of very serious inherent problems. A reasonable
question is: "If tracks are so bad, why are there so many track-
layers around?" This is a fair question and it has two answers.

A. The use of tracks in certain applications is strongly

traditional. It is difficult or impossible to convince

;: some users that anything but tracks will work in cer-

. tain applications. However, wheeled undercarriages are
starting to make strong headway in applications previ-
ously the sole domain of tracks because the advantages
of wheels are so numerous.

ﬁé
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B. Tracks are the proper choice for an undercarriage in
certain applications where a particular operational pa-
rameter favorable to tracks is an all important and
overriding consideration. Two examples of such appli-
cations come to mind.

(1) Battle tank. In a battle tank, low profile, the

inclusion of many tons of armor on a relatively

small frame size and maximum survivability makes

the use of wheels impractical.

e
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L+ (2) Bulldozer. The primary requirement for a bulldoz-

™

er is enormous drawbar pull and as close to 1007
efficiency in wutilization of vehicle weight in
pushing/pulling as possible. Wheels and tires
cannot compete with tracks in this type applica-
tion.
It must be noted that no such parameters are of such over-
riding importance in the RPGV as to justify use of tracks.

4.2,1.2 Transmission Design.

L ol # v
T

The transmission (as used herein) is that component or group
of components which transmits power from the engine to the final
drive. The transmission will normally contain, at least, a meth-

od of changing the engine to final drive speed/torque ratio and a

method of reversing the direction of final drive rotation. There

T

are basically two types of transmissions, mechanical and hydro- !

static.

There are numerous types, styles, and configurations for a i

mechanical transmission. As used on a tracklayer or wheeled,

i ™ O
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skid steered machine, it will normally consist of a multi-speed
gearbox and clutch/brake arrangement at each track drive. The
clutch/brake allows locking of one side while driving the other
side to provide steering. This is the most common arrangement on
older tracklayers and other type skid steered machines. High
speed tracklayers will usually have a much more sophisticated de-
sign for the transmission system. These systems will not be dis-
cussed since it has been determined that high speed tracks are
~- not applicable to the RPGV.
| Mechanical transmissions have two major advantages over hy-
drostatic transmission.
A. They are capable of much higher operating speeds. A
practical and reliable high speed hydrostatic transmis-

sion has not been developed although much work is being

Ty

done in this area. Hydrostatic transmissions are usu-
ally limited to a ground speed of about 20 mph.

B. Mechanical transmissions operate at a much higher effi-

u-_ ciency than hydrostatic transmissions. Typically, a
mechanical transmission operates in the 857 to 957 ef-
ficiency range compared with 757 to 85%7 for a hydro-
static transmission.

Mechanical transmissions have become almost obsolete in cer-
tain types of off-road, low speed vehicles such as agricultural
and construction machinery. In low speed equipment, the mechani-
cal transmission loses its first advantage. As to the second ad-
vantage, there are two ways of looking at efficiency. The clas-
sical efficiency is simply "work in" versus useful 'work out".
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From this viewpoint, mechanical transmissions are superior. An-
other type of efficiency is the capability of converting engine
power to final drive torque. From this viewpoint, hydrostatic
transmissions are the better choice. 1In fact, they are so much
better at utilizing engine power to produce torque that the pen-
alty in classical efficiency becomes relatively unimportant in
many off-road vehicle applications. Practical and reliable hy-
drostatic transmissions are a relatively new development (10 to
15 years), but the advantages for low speed, off-road vehicles
are so great that they have almost obsoleted mechanical transmis-
sions in these applications.

In a mechanical transmission, speed and torque are directly
proportional. The torque delivered at the final drive is equal
to maximum engine torque multiplied by a certain gear ratio. The
gear ratio is variable to allow selecting the optimum combination
of speed/torque. In an automobile, this can be accomplished with
only 2 or 3 gear ratios. In a large truck, it may require 10 to
15 gear ratios. However, no matter how many gear ratios are
available, speed and torque are still directly related. Develop-
ing maximum torque at all speeds would require an infinite number
of gear ratios.

A hydrostatic transmission produces the effect of an infin-
ite number of gear ratios. This is a consequence of the charac-
teristics of hydraulic pumps and motors. The torque output of a
hydraulic motor is independent of speed. For a given operating

pressure, the motor will produce the same torque at all speeds
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(within the limitations of engine power). As the pressure in-
creases, so does the output torque independent of the motor
speed. A hydraulic pump is a fluid transfer device and its pur-
pose is to move fluid from one point to another. The pressure
produced by the pump is simply equal to what is required to move
the fluid. 1If there is a high resistance to fluid flow, the pump
will produce a high pressure. Conversely, if the resistance is
low, the pressure will be low. A hydraulic pump will always con-
tinuously and automatically adjust its pressure to exactly what
is required to continue the fluid transfer. 1If a pump and motor
are connected, these two characteristics together produce a hy-
drostatic transmission. 1If the motor is connected to a vehicle
drive wheels, then the ground speed of the vehicle is determined
by the speed of rotation of the motor. As resistance to this ro-
tation increases, the pump automatically increases pressure, as
required, to maintain the same rotational speed. Thus, at every
vehicle speed, the full engine power can be de'ivered at the
drive wheels. This is very desirable in an off-road, rough ter-
rain vehicle.

A properly designed hydrostatic transmission also has three

other major advantages.

A, Flexibility in design and arrangement of the drive sys-
tem. The only connection between the engine and final
drive are flexible hydraulic lines.

B. Simplicity of controls is provided by running the en-
gine at a fixed constant speed, elimination of the need
to '"shift gears'", and combining drive, steering and
braking into one set of controls.
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C. Hydrostatic transmissions provide for counter rotation
of the drive wheels turning the vehicle about its own
center. This is not easily achieved with mechanical
transmissions.

A hydrostatic transmission which might be used in the RPGV
is described in the following paragraphs. The same theory is ap-
plicable to both tracked and wheeled undercarriages, large and
small vehicles.

The engine is used to drive two hydrostatic pumps which con-
vert the engine torque and speed into hydraulic pressure and
flow. Flow is transferred out of the pumps by large high pres-
sure hoses which go directly to the hydrostatic motors. At the
hydrostatic motors, pressure and flow is converted back to torque
and speed. The torque output of the motor is then multiplied by
use of a planetary gear reduction. The type of pumps and motors
used are generally the axial piston variable displacement type
and operate at pressures from zero to 5000 psi maximum. The type
of hydraulic circuit utilized is generally a closed loop circuit
aided by a charge pump to keep the circuit completely filled with
hydraulic fluid at all times. This type of circuitry reduces the
continuous horsepower requirements needed for operating at any-
thing less than the maximum flow and pressure available. Control
for the undercarriage is achieved by independently controlling
the output volume of the pumps. There are two pumps, each of
which is independently connected to one of the two drive motors.
Therefore, controlling one pump controls one side frame of the

undercarriage and controlling the other pump controls the other
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side frame of the undercarriage. The pumps are designed with a

movable swash plate which, when varied or moved, varies the
amount of flow coming from the pump and going to the motor there-
by controlling the speed of the motor. This flow can also be re-
versed to cause a reversal of direction in the motor. By con-
trolling the swash plate angle in the pumps, the speed and direc-
tion of the undercarriage can also be controlled. I1f one motor
is driven faster than the other motor, a turn will result, If
one motor is driven in an opposite direction from the other mo-
tor, a turn about center can be accomplished. All turns of any
radius can be accomplished by controlling direction and speed of
each side of the undercarriage.

There is normally a speed shift available in the wvariable
displacement motors. This speed change is achieved by the de-
stroking of the swash plate in the hydraulic motors. This re-
duces the displacement of the motors and, therefore, increases
the output speed of the motor shaft while maintaining a constant
flow requirement from the pump. This speed change is normally
about a 2 to 1 ratio between low range and high range in the mo-
tor.

A characteristic of a properly designed hydrostatic trans-
mission is that, when the vehicle is in motion either forward or
reverse and the pump swash plates are allowed to return to center
or are moved to center by the operator's control, the unit comes

to a quick stop due to a hydraulic characteristic in the system
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called hydrostatic braking. This means that the motor has momen-
tarily taken over the role of the pump and the pump has momentar-
ily taken over the role of the motor since the flow coming out of
the pump was not sufficient to maintain the motor at the speed at
which it was previously running. The motor tries to retain its
speed but, to do so, it must pump o0il through the closed loop
system into the pump and speed the pump up enough to make up for
the difference in the displacement that the pump has now taken.
The amount of torque required by the motor to cause it to pump
the oil back through the pump is extremely high due to the fact
that all the oil pumped will be at the maximum relief pressure.
This gives the unit an effective brake and is actually capable of
skidding the tires on dry pavement. This hydrostatic braking is
normally used for the service brake on the vehicle.

4,2,1.2.1 Summary - Transmission.

-

A hydrostatic transmission is ideal for the RPGV. In the
first place, the inherent advantages which have made hydrostatic
transmissions so popular in other low speed, rough terrain vehi-
cles are equally applicable to the RPGV. 1In the second place,
the simplicity of controls is a big advantage in a remotely con-
trolled vehicle. Driving, steering, vehicle speed, and service
braking are all accomplished by controlling displacement of the
two pumps. All that is required for control of pump displacement
is one electrically operated proportional control valve at each
pump. This is a significant advantage in cost effectiveness and

man/machine interface.
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4.2.1.3 Power Plant.

The RPGV must have a source of power. There are three meth-
ods available.

A, Electric motor

B. Internal combustion engine

C. Turbine

An electric motor has the advantage of simplicity, high re-
liability and extreme quietness. A wheeled vehicle powered by an
electric motor could be made inaudible at distances greater than
about 100 feet. Unfortunately, these advantages are more than
offset by the need to periodically recharge the batteries. This
is judged to be so undesirable that further consideration will
not be given to an electric motor. In any event, if an electric
motor was considered, the -vehicle would need to be very small and
lightweight because of the limitations on availability and size
of batteries and DC traction motors.

A gas turbine packs considerable power into a small space,
but several drawbacks remove it from consideration. First,
hydraulic pumps operate at much lower rpm than a turbine
requiring gear reductions which decrease efficiency and cost
space. Second, operator maintenance is much more technical than
internal combustion engines. Third, the heat from the turbine
exhaust may be sufficient to activate sensors on heat seeking
missiles as is the case on the Ml tank.

The remaining alternative is an internal combustion engine
of which there are basically two types, gasoline and diesel.

Each type has advantages in specific applications.
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Gasoline Engine

A. Gasoline engines typically cost 1/2 to 1/3 as much as a

T v ™

diesel engine of the same horsepower.

B. Gasoline engines will weigh 1/2 to 2/3 as much as a

comparable diesel.
P C. Gasoline engines are quieter than diesel engines by as

much as 5 to 8 decibels on the "A" scale at 50 feet.

They also produce a lower level of vibration.

D. Gasoline engines are more responsive and better able to
cope with rapidlv changing loads than are diesels.

E. Carburetted en,ines have an inherent problem when used
on rough terrain. Operation at steep angles, side
slopes and violent sudden movements can result in car-
buretor flooding or, conversely, starving. There are a
number of methods used to control this problem but the
potential is always there. This particular aspect of
rough terrain vehicle design must be given careful
evaluation when selecting the engine and carburization
system. The problem is particularly bad on small vehi-
cles and, particularly, in the absence of a suspension
system.

Diesel Engine

A, Diesel engines are typically more reliable with a long-
er service life than gasoline engines. Reliability im-
provement is in the range of 257 to 407 and service
life is at least twice as long, commonly in the range

of 10,000 hours.
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B. Diesel engines have a lower fuel consumption rate.
This reduces operating costs but, in addition, reduces
the size of fuel tanks required for a given duty cycle.

C. Diesel fuel is probably more available in the area
where the RPGV will be operating than will be gasoline.
In addition, a diesel engine can be adjusted to run on
turbine fuel such as JP-4, JP-5, or JP-8.

D. Diesel engines have a major problem with cold'starting.
This is a consequence of using the heat of compression
for ignition rather than a spark plug. Industrial die-
sel engines usually are equipped with a number of aides
for assistance in cold starting, such as crankcase
heaters, manifold heaters, glow plugs, and either in-
jectors. However, even with these starting aides,
starting at extremely low temperatures (below -20°F) is
often a serious problem.

E. Diesel fuel is less volatile than gasoline and is nor-
mally considered safer and less prone to explosion if
the tank is penetrated by small arms fire or shrapnel.

Based on reliability, fuel availability, and survivability,

a diesel engine seems the better choice. Diesel engines are man-
ufactured in two basic styles; air cooled and water cooled.
Which of these styles is better suited for the RPGV requires a
more detailed analysis than is appropriate for this study. How-
ever, assuming the vehicle will be armored to some degree may
mean a restricted air flow around the engine. 1If this turns out

to be the case, then water cooled is the better design.
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The engine size and horsepower necessary for the RPGV de-
pends on four main factors.

A. Wheelbase or track length

B. Track width or lateral spacing between the tires

C. Gross vehicle weight

D. Maximum vehicle speed and gradeability

A relatively small vehicle such as the RPGV will require 10
to 15 horsepower per ton of vehicle weight,

Finally, the engine selection must also be based on the
rough terrain operation of the vehicle. Many engines are not de-
signed to accommodate operation at steep angles. There are a
number of factors involved in this, but probably the most impor-
tant is the possibility of the o0il sump level shifting to the
point that the oil pump cannot provide proper lubrication.

4.2.1.4 Characteristics - Basic Vehicle.

The discussion, thus far, has centered around the type of
chassis, undercarriage, transmission and engine which should be
used on the RPGV. There has been only limited consideration
given to the actual interface of the vehicle with mine detectors,
sensors and marking systems. However, as will be discussed later
in this report, the sensors and detectors do not really influence
the overall vehicle configuration very much. The vehicle config-
uration is, for the most part, determined by the selection of un-
dercarriage, transmission and engine size. The various systems
needed for marking and detection can be accommodated within the

basic configuration determined by analysis of these three major

factors.
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The analysis indicates that a wheeled undercarriage is the
optimum approach for the RPGV and the remainder of the discussion
will be centered on this type chassis. It is important to note
that the chief investigator for this study has many years of ex-
perience in the practical design and application of off-the-road
all terrain vehicles. Much of the previous and following discus-
sions, statements, criteria and analysis is based on this accumu-
lated experience and knowledge of the chief investigator and sup-
porting staff.
4,2.1.4.1 Physical Size.

The RPGV will use a wheeled undercarriage. A vehicle of
this size and type will not require more than three wheels per
side, six wheels total. Selection of the tire size must be based
on two factors:
A, Capacity. Each tire should have a capacity rating of
1/4 to 1/3 of the gross vehicle weight.

B. Ground Pressure. The tire diameter and width must be
selected to produce a ground pressure in the range of
10 to 15 psi.

Tire selection also affects other operational parameters
such as drawbar pull, gradeability, shock attenuation and surviv-
ability. 1In addition, experience has shown that very small tires
are not suited for rough terrain operation. It is difficult to
climb over obstructions, negotiate ditches, etc., with small

tires.
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The weight of the RPGV will be in the range of 4000 to
12,000 pounds. This weight range ‘s somewhat arbitrary and de-
pends on how much armor is added. A GVW of 4000 pounds is be-
lieved to be a lower limit of practical design. A weight much
over 12,000 pounds pushes the vehicle out of the "small" class.
Of course, 'small" is also arbitrary. A GVW of 12,000 pounds is
"small" compared with a tank; it is quite "large" compared with
an automobile. The rationale for selecting 12,000 pounds as the
upper limit for "small" follows.

A. It has been determined that it is desirable for the ve-

hicle to be the minimum practical size.

B. The smallest tires which are suitable for this applica-
tion and for use on rough terrain will be about 2 feet
in diameter.

C. Each tire must be rated for at least 1/4 of the GVW.
The maximum capacity of commercially available tires in
the 24 inch range is about 3000 pounds.

D. Four tires rated at 3000 pounds each is a total capaci-

ty of 12,000 pounds.

About the smallest tire size which is practical for a rough

Pl PR ORI AL

terrain vehicle of appreciable size is 24 inches in diameter.
Selecting a tire 24 inches in diameter by 8 inches wide and cal-

culating the ground pressure gives the following results:

i | rf.' Yoy

GVW Ground Pressure
b (Pounds) (PSI)
t 4,000 5.8
g 6,000 8.7
8,000 11.6
- 10,000 14.5
' 12,000 17.4
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It can be seen that a 24 x 8 tire is acceptable for a GVW up
to about 10,000 pounds but is marginal if the weight goes into
the 10,000 to 12,000 pound range. A larger diameter or wider
tire may be desirable if the GVW goes over 10,000 pounds.
0f course, not every combination of tire diameter and tire
. width is commercially available but, in the 24 0.D. by 8 width
range, there are several standard tires capable of meeting the
capacity requirements. Using 24 inch diameter tires with a four
- inch spacing between tires -produces-a minimum-vehiele length of~
; 80 inches. A reasonable overall vehicle length will be about 100
inches or a little over 8 feet.

The vehicle width is more difficult to pin down. It depends

on track width, size of the side frames, 1length of hydraulic
drive motors, width of gearboxes and size of the'engine. How-
ever, experience with this type vehicle indicates that a width of
less than about 60 inches is not practical. A reasonable and
practical goal for the RPGV is in the range of 65 to 75 inches.
. The vehicle height is dependent on the undercarriage design
and physical size of the engine. Using the above criteria for
the undercarriage and assuming an engine in the 40 to 50 horse-
power range, the overall vehicle height will be 60 to 70 inches.

In summary, using the maximum dimensions estimated and using
a "middle of the road" for weight, the RPGV will have the follow-
ing physical characteristics.

Gross Vehicle Weight - 8000 pounds

Length - 100 inches

Width - 75 inches
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Height - 70 inches

Tires - Six, 23 inches diameter x 8 inches wide
Ground Pressure - 11.6 psi
Engine - 50 hp (12.5 hp/ton)

4.2.1.4,2 Operational Characteristics.

4.2.1.4.2.1 Speed.

The upper limit of practical design for this type vehicle is
about 20 mph. Above this speed, suspension systems become neces-
sary and tramsmission-design is-difficult: However, a speed of-~
about 10 mph is more practical and enhances overall operation,
reliability and rough terrain performance. The maximum vehicle
speed should be based not on what is technically possible, but on
what is operationally necessary. There are three operational
modes or conditions which determine the vehicle speed.

A. Searching for mines. The vehicle speed while searching
for mines is limited by the responsiveness and sweep
rate of the sensors and necessity to stop or turn the
vehicle when a mine is detected. A vehicle speed of 10
mph is equal to a forward velocity of about 15 feet per
second. Assuming a search path 10 feet wide means a
surface area of 150 square feet must be searched each
second at a vehicle speed of 10 mph. This seems to be
far beyond the capabilities of any practical off-road
detection system or its human operators. The conclu-
sion of this argument is that 10 mph is much more than

is needed. A practical vehicle speed while searching

68



B.
n
- - -
CO

- cal- consideration of--operatiom-omr-rough—terraim and re-- -~ ==

for mines will probably be in the range of 1 to 3 mph
which covers an area of 15 to 45 square feet per sec-
ond.

Roving cross country. In this mode of operation, the
vehicle is moving across open ground, operated remote-
ly, but is not searching for mines. Depending on the
nature of the mission and type of terrain, a speed in

excess of 10 mph may be advantageous. However, practi-

mote steering from a television monitor will probably
limit the vehicle speed to less than 10 mph. In addi-
tion, unless the vehicle is used for éome type of long
range reconnaissance, it is hard to see a real advan-
tage in high cross country speed.

Transfer of RPGV between locations. This mode of oper-
ation is simply moving the RPGV from one ''work area'" to
another. This could be accomplished over prepared sur-
faces or cross-country. In either case, good ground
speed is very advantageous. In fact, when moving over
roads, a speed of 40 to 50 mph would be desirable.
This type speed is out of the question for the RPGV
and, certainly, it would not be possible to remotely
control the vehicle at such speeds effectively and
safely. Fortunately, there is a ready solution to this
problcm. The RPGV is useless without its control and
monitor vehicle. Therefore, wherever the RPGV is, the

control vehicle will also be. The RPGV could easily be
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towed behind the control vehicle on a small transport
trailer. This effectively provides the high speed
transfer capability without introducing prohibitive

complexity and cost into the RPGV.

In summary, the operational requirements seem to be more
than satisfied by a vehicle speed of 10 mph.

4.2.1.4,.2.2 Maneuverability.

The required maneuverability of the vehicle has already been
- discussed im some -detail<=- The capability-of torning about -its-
own center is a major feature of the undercarriage and transmis-
sion concept. A shorter turning radius is not possible.

4,2,1,4,2.3 Adverse Terrain Operation.

The RPGV must be capable of operation on adverse terrain.
Adverse terrain is defined as "rough terrain' such as cross coun-
try and unfavorable ground conditions such as soft soil or mud.
However, there are no generally accepted technically accurate
definitions for the phrases 'adverse terrain', 'rough terrain",
and "unfavorable ground". The off-road vehicle industry and the
military services have been trying for a number of years to de-
velop specific quantitative criteria to define how rough is
"rough'", how soft is '"soft'", etc. This is similar to the pre-
vious question of how big is ''small', but it is not as easily re-
solved.

Attempts to specify rough terrain capability in quantitative
terms have been in three major areas.

A. The ability to climb obstructions of a specified verti-

cal height.
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B. The ability to cross ditches of a specified width.

C. The ability to operate on grades and side slopes of a

specified steepness.

Meeting the first two of these specified criteria does not
mean the vehicle will be good when operating cross country. The
! reason is that the criteria are only remotely related to the cap-
ability of operation on rough terrain. The most popular method

of specifying rough terrain, at the present time, is the capabil-

teria really has more to do with stability and tractive effort
than rough terrain. However, in general, experience has shown
that, if a vehicle has the stability and power to operate on
grades and slopes in the range of 35° to 45°, it will be capable
of operation on almost any natural terrain. Rough terrain capa-
bility for off-road construction equipment is normally specified
in terms of '"gradeability". The RPGV should be capable of opera-
tion on grades and slopes of 40°, minimum.

.. Establishing specific quantitative criteria and requirements
for soil conditions has proven equally difficult. There are so
many variables related to soil conditions and trafficability that
the problem defies solution. The difficulty is that soil has no
uniform properties and its bearing capacity, as well as load-
sinkage relationship, cannot be expressed in simple form. The
trafficability of a particular type of soil is determined by the
degree of cohesion between soil particles, friction between par-
ticles, soil density, moisture content, and conditions of over-

laying and underlying vegetation. An additional complication is
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the tendency for stratification in soils. Surface and subsurface
parameters may be (in fact, usually are) quite different. 1In a
given section of natural terrain, the soil conditions can and
will show considerable differences at points only a few meters
apart. In addition, the passage of even a single vehicle will
normally radically alter the soil. Thus, a vehicle may cross a
given soil one time but, if the same path is traversed again, the

vehicle becomes immobilized. This is a well known, although

‘poorly understood; consequence of radical-alterattor of the soil.-

Thus far, it has not been possible to define a given soil in spe-
cific quantitative terms sufficient for use as a vehicle design
criteria.

Assuming the soil could be defined, the problem becomes how
to design a vehicle with the capability of negotiating a soil so
defined. The ability of a vehicle to pass over a given soil de-

pends on three factors:

A. Flotation
B. Tractive effort or force
C. Resistance to motion

The relationship between these factors and the capability of
operation in soft soils has been studied in great detail produc-
ing a number of mathematical models for prediction of vehicle
performance. As might be expected, these models are complex and
different models are needed for different types of soil. A vehi-
cle designed for maximum operational capability in a frictional-
cohesionless soil (dry sand) will probably do pourly in a cohe-

sive-frictionless soil (supersaturated clay). The converse is
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also true. All thrce factors are important and must be consid-
ered in vehicle design, however, in a particular given soil con-
dition, one factor may be more important than the others. It is
not true that ground pressure alone or even primarily defines the
.chicle operability in all situations. Experiments have shown
that, in certain types of soil, a higher ground pressure vehicle
may perform better than a low ground pressure vehicle.

The three factors for ground mobility are analogous (to a

degree)- to- the three-major factors—in-aircraft—designy Lift; Brag -

and Thrust. Stating that one vehicle is better than another
based on flotation (ground pressure) alone is like evaluating
aircraft performance based solely on a comparison of lift.
Perhaps the most determined effort to quantitatively define
soils and develop mathematical models for vehicle design has been
by the U.S. Army Materiel Command. The U.S. Army Engineer Water-
ways Experiment Station (WES), Vicksburg, Mississippi, has been
engaged in the study of trafficability of soils for a number of
years. These investigations have produced a method of measuring
soil strength which is expressed in terms of a Rating Cone Index
(RCI). A set of empirical equations allows calculations of a Mo-
bility Index (MI) for a given vehicle. The MI is related to an-
other parameter called the Vehicle Cone Index (VCI) by yet anoth-
er empirically derived equation. By definition, a particular ve-
hicle with a certain VCI cain pass over a soil with an equal RCI.
This seems to be exactly what is needed and a calculated VCI will

be developed for the RPGV based on the WES method.
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The Mobility Index (MI) is based on 8 factors as described
Ei below:
- contact .
.- weight
o pressure X
- MI = factor factor + Yg:gl _ clearance engine _ transmission
- tire grouser  r. iy factor factor © factor
factor factor
P contact
= pressure = gross weight, 1b
3 factor . . . outside dia. of tire, in. x No. of
, tire width, in. x % tires
‘ Weight
if e meaim o e "'F‘a‘ct‘ort' TR SVIEPISIRRE S G R S s i L AL BN L Yt
. Weight Range, 1b
- Gross Vehicle Wt, 1b
- No. of axles Weight Factor Equations
[ 2000 Y = 0.553X
4 2,000 to 12,500 1b Y = 0.033X + 1.050
- 13,501 to 20,000 1b Y = 0.142X - 0.420
[ 20,000 1b Y = 0.278X - 3.115
& where
‘L‘ x = 8ross vehicle wt(kips) and Y = weight factor
4 No. of axles
- Tire _ 10 + tire width, in.
- Factor 100
) Grouser
~ Factor:
4 With chains = 1.05
i Without chains = 1.00
é Wheel load _ gross weight, kips
¢ Factor No. of wheels (duals count as one)
} Clearance _ clearance, in.
.. Factor 10
;. Engine
¢ Factor:
g 10 hp/ton = 1.00
4 10 hp/ton = 1.05
.
¢ Transmission
Ef Factor:
1 Hydraulic = 1.00
- Mechanical = 1.05
t
p
Ef: 74
L)




o

For the RPGV at a GVW of 8000 pounds, these factors calculate to

as follows:

Contract
Pressure = 8000 = 13.89
Factor 8 x 24/2 x 6
Weight Factor = 0.033 x LA 1/05 = 1.14
3
Tire Factor = 10 + 8 _ 0.18
100

Grouser Factor = 1.00
Wheel Load Factor = 8. 1.33

6
Clearance Factor = 14 1.40

10

Engine Factor = 1.00
Transmission Factor = 1.00

13.89 x 1.14

MI = 518X T.00

+1.33 -1,40x1x1=87.9

The VCI is calculated from the following formula.
VCI = 11.48 + .20 MI - —22-2_ = 28,6
MI + 3.74
(Note: The lower the VCI, the better the vehicle performance
with a lower limit for practical vehicle design of about 10.)

A VCI of 28.6 is very good and there are few vehicles (main-
ly tracks) which are better. The WES has also developed empiri-
cal formulas for allowable tractive force and resistance to mo-
tion in soils of a given RCI. For the RPGV, a soil with an RCI
of 28, will allow a maximum tractive force of 3840 pounds. The

resistance to motion will be 960 pounds.
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The WES system has never come into general use, even in the
military. And it is almost unknown in the off-road vehicle in-
dustry. The reason is that the system is not very general in na-
ture and is very limited as to the soil type and conditions for
which the system holds true. Experience has shown that the cal-
culated VCI versus a VCI determined by test or experiment can be
very close or can be off by 1007 to 1507, depending on conditions
and design of the vehicle.

The most common method of specifying soft soil operability
is still ground pressure which is used almost exclusively in in-
dustrial vehicles. A tracked vehicle will normally have a ground
pressure in the range of 5 to 10 psi. This is about as low as
any industrial vehicle gets. The ground pressure for the RPGV
should be in the range of 10 to 15 psi.

The meaning of ground pressure can be more easily app?eci-
ated by a simple comparison with an average man. The average man
standing etill exerts a ground pressure of 3 to 4 psi. Thus, the
average man standing on a "3 to 4 psi soil" would sink of his own
weight. This same man at a normal walk produces ground pressure
in the range of 8 to 12 psi. Generally speaking, a normal walk
is difficult on "10 psi soils" and impossible on "5 psi soils".

4,2.1.4,3 Vehicle Configuration for Survivability and Mission

Accomplishment.

Mounting of equipment and maximization of survivability fac-
tors are the primary considerations used in developing the RPGV
configurations (see conceptual drawings on next two pages).

Equipment uses determined the vehicle areas where the detectors,
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cameras, lane marking devices, and mine neutralization systems
would be placed. Obviously, the detector systems and mine neu-
tralization devices would be located at the front of the RPGV,
the lane markers on the side, and the navigation camera near the
highest point on the vehicle. For protection, antenna location
is desirable at the rear of the RPGV, however, mounting the tele-
vision antenna on top is necessary in order to maintain line of
sight capability when driving tangentially or toward the control-
ler.

Location of the engine in the rear serves several purposes.
First, it insures that the RPGV remains stable on the four rear
wheels during normal operation. This aids steering and helps
stabilize the cameras and detector. Second, it provides a coun-
terweight for an anti-tank mine removal device or an anti-person-
nel mine neutralization device, if used. Third, location in the
rear permits the front slope of the engine compartment to be
angled for improved ballistic protection. The sloped top sur-
face, covered wheel wells, hinged plates over the wheels, and
angled lower front plate all contribute to vehicle survivability.
The wheel wells and front plate may also contribute te RPGV am-
phibious capability.

Maintenance access doors will be needed for the engine com-
partment, the navigation camera and electronics area, and boom
and mine removal system area. Development will need to consider
the ease of access along with location and hardening for surviva-
bility. The eng‘ne access plate, for example, will probably be

on the rear slope of the RPGV, but, due to possible vehicle use
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clearing a second lane while returning to the controller, that
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plate will probably be thicker than the more obliquely angled
forward slope.

Survivability trade-offs also need to be weighed with re-
spect to the RPGV's tires. The tire survivability could be im-
proved in an antipersonnel minefield by increasing the diameter.
However, the resulting longer vehicle would lose some survivabil-
ity due to less maneuverability and larger target profile.

Some form of lighting will probably be needed, even if it is
only a blackout drive system helping drivers see the RPGV. These
would be located as near as possible to the RPGV's corners.

A removable towbar could be added to units with disengaging
drive systems enabling them to be towed without the use of a
trailer. If a mine neutralization device is included on the
RPGV, the towbar would be moved to the rear of the unit. Both
the towbar and the mine neutralization exterior equipment can be

developed for removal and attachment elsewhere on the unit,

g cleaning the unit's shape for airlift or airmobile transport,
i: missions not using the equipment, and rapid replacement of battle
:; damaged parts.

E: Plate thickness in various areas of the RPGV can be expected
5; to vary according to the amount of protection needed to counter
a each threat. Minimum thickness and Kevlar reinforcement should
& be considered due to weight considerations. The Army has done
;, studies on this type ballistic defense system already, particu-
TE larly for protecting ammunition. Necessary plate thicknesses can
;: be expected to be derived from those studies.
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4.2.1.5 Vehicle Control System.

The vehicle control system refers to the physical control
and operation of the RPGV (equipment shown in drawings on next
two pages). This includes control of vehicle speed, direction of
travel, steering, and braking. The vehicle control system also
includes secondary functions such as starting/stopping the engine
and auxiliary functions such as turning on the vehicle lights (if
any). There may also be a number of vehicle and engine monitor
functions which are desirable or necessary. This might include
engine oil pressure, temperature, etc.

The RPGV will probably include a visual guidance system.

This system will be nothing more than a television camera to en-

" "

able the operator to "see" where the vehicle is going. The video
system will be discussed in detail later. However, there are
certain control functions associated with the video system. In
other words, the camera position and angle must be adjustable by
the operator from the remote console. Control of the camera is
accomplished by the same techniques as control of the vehicle.
The vehicle will also include some type of mechanism to po-
sition, sweep, and rotate the mine sensors. Regardless of what
type mechanism this turns out to be, the principles for control
of the mechanism are the same as for the vehicle and camera.
Thus, the discussion of methods for control is applicable to
everything on the RPGV which must be positioned, tilted, shifted,

switched, or turned by the operator working from the remote con-

trol console,
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The vehicle will be controlled by signals transmitted over
radio frequency (RF) from the control console to the RPGV, This
is a well known and fully developed technology which has been
used in numerous practical applications for over 40 years.

The system shown in photograph 5 displays the receiver, dig-
ital decoder and relay unit on the left and the vehicle control
unit with carrying straps, the battery recharger, a typical hy-
draulic servo system for two controls, and a spare battery for
the control unit on the right. The size of the system (indicated
on the tape measure) can be significantly reduced, if necessary,
for fitting in a production vehicle. The individual photographs
of the components (photos 6 and 7) reveal more details. Shown on
the receiver unit are the racks for printed board circuitry and
connection poiwn’'r for thirty servo control units, indicating both
the unit's current capacity and its potential for rapid upgrad-
ing. The control unit's simplicity is shown clearly on photo 7.
Not only are controls for speed and turning included on the hand-
set, but also present are engine start, fuel line, low or high
range operation, and four other unspecified controls. The bat-
tery charger is capable of recharging four of the NiCad batteries
at a time and can be adapted for use with 234 volt AC input as
well as 117 volt AC.

In addition to the remote control radio link, it may be nec-
essary to include a systeﬁ to guide the vehicle on a straight
course. Due to variances in pump displacement, friction, and ir-
regular terrain, the RPGV may begin to veer off course as it

drives along. An automatic counter system could be included so
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that all wheels would be turned at the same rate. This standby
system could be set and activated from the control console. By
including vehicle speed and detector sweep rate in the program-
ming, it would be possible to insure straight line travel through
a minefield and observation of the entire lane by the detector.

An optional control feature may be included in the RPGV-con-
trol unit interface. The vehicle motion area of the control pan-
el can be made to disconnect from the control unit, mount on the
RPGV at an operator's platform, and connect by cable into the ve-
hicle. 1In this way, the RPGV could be driven in a direct control
mode without use of the radio, television, or remainder of the
control console. This could be very advantageous in motor parks
or when it is desirable to move the vehicle without transmitting
a radio signal.

4.2.2 Investigation of Mission Systems.

4.2.2.1 Approach to Mine Detectors.

Due to proven performance and current stockpiles of hand-
held portable detectors, the feasibility of mounting them on a
vehicle was evaluated. This proved‘to'be undesirable from sever-
al viewpoints. The slow sweep rate of approximately 2 feet per
second for the AN/PRS-8 provides 21 speed of only 400 feet per
hour when clearing a path wide enough for a tank to drive through
the minefield. The tendency to produce false alarms when used in
rough terrain would be increased by the operator's lack of depth
perception when viewing the remote control monitor. The operator
cannot maintain detector height of less than 1-1/2 inches (re-

quired on the AN/PRS-8 and AN/PSS-11), avoid obstacles, and keep
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the detector head parallel to the ground when positioned away

from the vehicle. The training requirement to maintain detector
proficiency was regarded as high, at least 2 hours practice per
week, and was, therefore, also undesirable.

The type of system employed by the Vehicle-Mounted Road Mine
Detector System (AN/VRS-5) was also deemed inappropriate due to
the extreme difficulties encountered in determining a means of
negotiating obstacles over 3 inches in height or depth. System
unsuitability for vegetated or rough terrain was obvious.

From the evaluation of the AN/VRS-5, AN/PSS-11, and AN/
PRS-8, it became evident that a completely different type of de-
tector was needed. The RPGV detector system has to be situated
at a height to avoid obstacles and not be affected by variations
in ground clearance. Due to the all weather nature of w@rfare
and the probability of minefield observation, detection through
snow, smoke and dust is required. These capabilities imply use
of a system which will also detect buried mines, a desirable fea-
ture due to the mine laying capabilities of the Soviet PMR-3
mechanical mine-planting trailer and the GMZ mine-layer. Radar
and infra-red systems were determined to be the probable primary
systems due to the specular characteristics of mines irradiated
by these systems during testing by the Environmental Research In-
stitute of Michigan. Also desirable is a second means of detec-
tion in order to verify detections and reduce false alarms. A
television camera was evaluated as suitable for this task.

4.2,2,2 Potential Detectors.
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4.2.2.2.1 Radar.

The possibility of using a radar system for primary detector
needs to be tested more thoroughly. Accurate location is proba-
ble, as indicated by the sharp peak in radar cross section mea-
surements (see ERIM Report 138300-65-F1), however, detection
probability of buried mines at that frequency is not acceptable.
Ground penetration is possible at some other frequencies.

Conversations with people working in the radar industry in-
dicated that S-band radar has good enough ground penetration, but
no information is available concerning mine specular reflectance
nor radar penetration through snow. Also, it was learned that
Goodyear Aerospace manufactures a scanner device capable of ‘ap-
proximately 100 feet of soil penetration for contour mapping.
The size of the system is small enough to fit this application,
but two drawbacks exist. The high cost of approximately
$100,000.00 removes it from a cost standpoint, and the possibil-
ity of it not detecting plastic mines, although it would detect
metal, poses questions concerning its operational desirability.

If clear signatures are produced by mines irradiated by a
radar frequency capable of 2 to 3 feet of ground and snow pene-
tration, that system provides some excellent advantages. Among
these are all weather capability and fast system response. Sys-
tems which should be tested are short range radars and earth re-
sources systems.

Use of radar mine detection systems involves acceptance of"
some tactical hazards or drawbacks. As with active IR systems,

radar can be detected and targeted by enemy forces observing the
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‘minefield. Required antenna dimensions vary according to the

wavelength used, and it is unlikely that the system can be made
as compact as the active IR systems.

6,2,2.2.2 10.6 Micrometer Laser IR Scanner.

Applicability of an active infra-red system of this type is
advocated in‘the final report by the Environmental Research In-
stitute of Michigan, contract DAAK-70-78-C-0198, on Remote Detec-
tion of Minefields, Report No. 138300-65-F1. The strong specular
reflectance from the PM-60 and TM-46 mines provide unmistakable
signals when that signal strikes the detecting unit (i.e., camera
lens). System interface with the vehicle navigation camera would
be simple and direct using equipment commonly seen at televised
sports events for split screen projection of two images on one
screen.

The system is not completely proveﬁ nor without drawbacks,
however. Through conversation with Mr. Henry McKenney, it was
learned that testing by ERIM indicated good ground penetration
for mine detection, but no tests ﬁere made for detection of a
snow covered minefield. Testing was done with anticipated air-
borne application, so further testing‘will be needed to determine
capabilities in adverse weather and detection probability when
system is ground based. The anticipated 8.4 detection rate
(ERIM Repoft No. 138300-22-T) for the airborne system would have
to be significantly improved for surface vehicle application.

This improvement is expected on the recommended vehicle design

due to the near nadir viewing angle and shorter range. Use of an
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active IR scanner system also increases the chance of enemy de-
tection and destruction of the vehicle. In addition, the laser
IR scanner may require extra design work to eliminate eye hazard
for operator safety.

4,2.2.2.3 Detection Verification and Navigation Systems.

Potential candidates for a detection verification system are
a color television and/or a black and white system with infra-red
circuitry and lens filters. The television can be used for navi-
gation and detection and, when switched to IR mode, will detect
high reflectance areas of the particular wavelength of infra-red
not filtered.

4.2.2.2.3.1 Camera Systems Utilization.

Depending on vehicle characteristics, one or two cameras
will be required. 1If the vehicle stops to scan an area, one boom
mounted camera is sufficient. Navigation using the boom mounted
camera will probably be slow and difficult due to the length of
the boom necessary. In order to scan while moving, independent
cameras projecting onto a split screen TV monitor provide optimum
coverage. A one-camera method of observing both functions is
splitting the images by use of mirrors or fiberoptic 1lenses.
Some resolution capability is lost using these devices, however.
Also lost are wide-angle to zoom lens capability (desirable when
the RPGV is used for reconnaissance) and lens exchange to image
intensifier and nighttime usage.

From the operator's standpoint, a navigation camera becomes
necessary to see where the vehicle is going whenever the vehicle

is around a corner, over a hill, or over approximately 100m away.
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'Sﬁ A color camera is desirable over a black and white for navigation
2 or detection because of better object resolution, discernment ca-
.' pability of colors instead of approximate shades of gray, and in-
gé creased knowledge of the vehicle area. This enhances mine detec-

tion while viewing the ground and enemy position location while

- ! viewing ahead. A zoom lens on either navigation or detection
o camera increases flexibility for wide field of view observation
& and inspection of suspected mines or positions. Black and white
E; cameras are less expensive and can be adapted for infra-red capa-
u‘ bility without new or extensive design work.

g; Due to the need for constant monitoring of detection and
£ navigation, two cameras appear to be.required. Each needs to be
) capable of independent pan and tilt control, using equipment hav-
"i ing automatic panning controls and a mnual override. This will
provide a set detection speed for the vehicle, insure inspection
.g of the entire area within the lane, and provide navigational
: feedback while moving.
! If one color camera and one black and white camera were
ag used, it may become desirable to have both cameras on independent
¥ booms so that they could be used for either navigation or detec-
L' tion verification. In this circumstance, the black and white
E; camera with infra-red detector circuitry would act as the detec-
&% tion system and the color camera would act as the navigation sys-
’:E tem. When a possible mine could not be verified using the IR or
H black and white circuitry, the second boom would extend the color
g camera over the suspected mine to improve verification probabil-
. ity. Both cameras would need to be enclosed. The ballistic pro-

%
n
f

€
LA

tection for the detectors would be of a reinforced Kevlar resin
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on all sides with bulletproof glass over the lenses. The protec-
tion for the navigational camera would be similar, except for
probable mounting in a small turret and addition of some steel
plating.

4.2.2.2.3.2 Additional Camera Components.

4,2,2.2.3.2.1 Fiberoptics.

Extension of the camera lens by use of flexible industrial
fiberscopes provides the distinct advantage of displaying a very
small target on the surface of the vehicle. The camera(s) can be
placed behind the armor plating with only the 1/2 inch fiberoptic
cable and lens potentially exposed. Current production probes
are made in lengths ub to nine feet and are equipped with lenses
varying from 20 to 80 degrees field of view. Prototypes are be-
ing tested to increase the available length to 18 feet. This ad-
ditional length would enable fiberoptics use for a boom camera
system without requiring the boom to support the camera's weight.

Testing of a fiberscope would be necessary prior to selec-
tion for the IR mine detector role or the vehicle navigation
role. Currently, very little is known about fiberscopes with re-
spect to infra-red transmissivity or interface with night vision
devices. Although one model is designed for use with ultraviolet
light and another for visible light, infra-red light may be ab-
sorbed by both models. '

Jther potential problems may be easier to solve. Increasing
the operating temperature range can be done by use of heating

wires. A small amount of custom design work could also enable
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development of split screen fiberscopes, with one fiberscope go-
ing to the detector boom and the other to a navigation lens
mount.

$.2.2.2.3.2.2 1Image Intensifier.

The camera system is limited to daytime use unless fitted
with an image intensifier or vehicular lights. Lighting a bat-

tlefield is not tactically sound and was discounted as an option.

The image intensifier results in a green picture with lower reso-

lution than needed for use as primary detector. It is adequate
for vehicle navigation and marking of mines and has the advantage
of being a passive system.

4,2.2.2.3.2.3 1Image Stabilizer.

Vibration and shock may cause sufficient picture aberration
to necessitate use of an image motion compensator. These devices
mount on the camera lens and clarify blufred images caused by vi-
bration. Systems can work with cameras using infra-red, visible,
or ultraviolet light media, making them compatible with both the
observation and IR detector cameras considered for the RPGV.

4,2,2,2.3.3 Systems Integration Into Unit.

4,2,2.2.3.3.1 Camera System.

Unlike a home video tape system, the mine detector video
system does not consist of merely a portable camera and monitor.
Several pieces of equipment and controls are required to relay
the desired picture to a remote monitor. The needed items are
equipment for the radio link for the television signal and a

group of devices for camera control. No separate power supply is
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required (unless the console is operated away from support vehi-

% cles) due to all systems being designed for DC power.
» The radio link contains the following essential pieces of
: equipment: the microwave transmitter, an antenna, and optional
’ split secreen encoder mounted on the RPGV, and the microwave re-
@ ceiver and antenna mounted with the monitor on the control vehi-
‘ﬁ cle. The split screen encoder is desirable if 2 cameras are used
f on. the RPGV, as it permits one operator to rapidly observe mine
detection operations while driviﬁg the vehicle. Without split
? screen technique, a second complete system will be required for
1 the detector system. |

The camera control group uses less sophisticated equipment
than the radio link for the picture. However, because there are
more processes to control, there are more components. The func-
tions of camera pan, tilt, focus, lens changé, zoom, on and off,
and lens stabilizer (if used) require separate servo-type con-
i trols. Use of a digital decoder and encoder enables these func-
tions to all be transmitted on one signal carrier. Different

: pulse widths automatically cue the decoder switches to the cor-

rect servo units for motor activation. Two accessories, a modu-
lation unit and a demodulation unit, permit the signals to be 5

transmitted by radio waves instead of a wire command link. Guid-

-enr- 3

ance instructions will be initiated at the control panel by the

operator, pass by wire through the digital encoder and the modu-

(K XS, Qe

lator to the radio transmitter. At the remotely controlled unit,

the radio receiver picks up the signal, sends it into the wiring

to the demodulator, the digital decoder, and on to the servo
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units to produce the desired movement. The heart of the system

is the digital encoder and decoder. These units provide the ca-
pability to control the vehicle and, depending on model, one or
more camera control systems using one radio frequency. Multiple
camera control will be needed if a navigation camera is mounted
separately from the detector system.

4.2.2.2,.3.3.2 Monitor and Control System.

Vehicle mounting of the monitor and control system was
deemed necessary due to size and weight of the monitor and power
supply. Typically, two television monitor units without genera-
tor or battery packs weighed 25 to 40 pounds (depending on screen
size) and were 15-20 inches wide by a foot in height and depth.
Addition of a small generator (35 lbs.) or 2-3 battery packs (ap-
proximately 35 1lbs.), the receiver/decoder, the control panel,
and the antennas make it infeasible for an individual to carry
and operate the console without a vehicle. 1Inclusion of a
switcher in the remote vehicle will produce a split screen dis-
play at the console, thereby requiring only one monitor. How-
ever, due to losses in picture, a larger-screened monitor may be
needed using AC input. The net gain in this system is the re-
duced cost of using only one microwave transmitter and receiver
set (instead of one for each camera) and the ease with which the
operator can view driving and detection conditions. The split
screen can be wiped to show full screen view from either camera.

The control panel, shown on next.page, would have adjustment
controls for aiming each camera, two lever controls for driving

the vehicle, gages for engine and hydraulic system monitoring, a
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lever for wiping images on the monitor, and an area of tape dis-
penser controls. Inclusion of a frequency/channel selection con-
trol will probably be necessary to permit use of several RPGV's
in the same area. I1f the mine removal feature is included on the
vehicle, the controls for this equipment is included in a sepa-
rate area on the panel. The vehicle control block of the panel
could be designed for removal when the operator intended to ride
the vehicle. This block could then connect by cable to the vehi-
cle, by-passing the radio systems.

The monitor and control panel are best mounted together in a
desk-1like configuration. Folding 1legs enable emplacement 1in
small spaces, such as in a jeep, as well as in an APC or the bed
of a truck. This feature also improves storage and transporta-
bility characteristics. Mounting the monitor at an angle improves
operator visibility without raising the screen to eye level. It
may be possidle to fold the operator's control panel up against
the monitor screen and enclose the package in a protective con-
tainer. This protective container couid be strapped to the RPGV
on top for shipping, airmobile operations, or towing. A portable
generator and antenna mount could also be stored in the case for
use with the control unit. The remainder of the control antenna
could clip or strap onto the RPGV, completing the svstem in mo-
bile configuration.

4,2.2.3 Boom Assembly for Detector Systems.

In order to clear a standard lane through a minefield using
an single system, some device is needed to swing the detector at

least four meters to each side. This will insure a near nadir
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viewing angle at the edge of the lane, with some area beyond the
lane also being tentatively scanned. This border area is desir-
able for insuring safety if the RPGV needs to turn left or right
to avoid a mine cluster. Increasing the armature length will de-
crease the required sweep angle, thereby decreasing the complex-
ity of the pan mechanism and increasing possible detector
heights. Increasing the detector height yields an increase in
scan width and an increase in vehicle speed for a slight sacri-
fice of resolution and reflected signal strength. These in-
creases also benefit system survivability and must be balanced
against the difficulty of fine control and the strength require-
ments for the armature.

Boom composition may need to be non-metallic to prevent de-
tonation of metal sensing devices. Plastic, fiberglass, and
Kevlar reinforced laminates are potential materials for use in
the boom. By using a hinged configuration, inactive boom length
can be halved, making its storage on the vehicle possible during
airmobile transport. Further shortening of the boom for storage
may be possible if a telescoping system is used. Storage of this
type of boom may be accomplished by retracting the boom and mount
under the sloped armor plate. This would provide much more pro-
tection for the detectors than an armored storage box which would
probably be developed for security and transport of detectors
mounted on a hinged boom. The hinged boom design would be
stronger, probably less expensive, and may be easier to develop
due to materials properties. Any material used in the telescop-

ing boom would have to be resistant to hydraulic fluid damage and
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protected more from small arms fire. Either design can be made

in a system lighter than one made of steel.

The boom would be mounted on a turntable bearing race there-
by permitting rotation of the camera through a full circle. This
will permit aiming the camera to the rear for backing the RPGV
out of places where it is not possible or desirable to turn
around immediately.

4.2.2.4 Marking Mines and/or Cleared Lane.

4.2.2.4,1 Current Techniques Overview.

Detection of mines is only of value if the mines are neu-
tralized, marked for passage of friendly forces and removal by
engineers, or immediately removed as an obstacle. Currently, the
Army has rollers, flails, and SLUFAE for neutralization of mines
by detonation. Use of this technique is not always desirable due
to tactical situations and destruction of equipment. Explosions
in an area where the enemy has emplaced mines will alert him of
an attack being conducted through that area depriving U.S. forces
of the element of surprise and subjecting our forces to addition-
al hostile fire. Although rollers are less expensive than a de-
tection and removal vehicle, system deterioration due to mine de-
tonations may result in destruction of the roller-equipped vehi-
cle as it encounters the other rows of mines in the minefield.
Also, rollers are not effective against all types of mines. The
effectiveness of SLUFAE in neutralizing magnetically activated

minefields has not been indicated in support documents. Each of

the detonating techniques has a speed advantage over the mine de-
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tector vehicle and should not be discarded; however, the hazards
and drawbacks indicate the need for a reliabie covert system as
well,

4.2.2.4.2 Mine Marking.

Marking of individual mines can be accomplished by placing a
flag or survey stick alongside the mine. A piece of florescent
tape or paint would enable drivers to see these markers at night.
Placement could be accomplished from the detector arm assembly
or, if used, from the mine removal equipment armature.

Feasibility of mine detection and marking without removal
should be examined, however. In cases where the minefield has
been bypassed and is in a rear area, engineer removal of the
mines is standard. Destruction in place is common practice to
avoid loss of life removing mines emplaced with antihandling de-
vices. Removal of the mines by the remote detector would not be
necessary for this purpose. A remote control armature could be
used to move surface laid mines to insure that they are not
booby-trapped and could excavate buried mines without endangering
soldiers. The salvaged mines could then be deployed by our
forces, when needed. Although removal capability is nice to
have, remote control detection and marking of mines remains the
only essential function when the vehicle is used in rear echelon
areas.
4.2.2.4.3 Lane Development.
4.2,2,4,3.1 Reasons for Consideration.

Mine removal takes on additional importance when the vehicle

is used to support an attack through a mined area. Soviet mine
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laying equipment places mines at 4 to 5-1/2 meter intervals for

antitank mines, with additional rows of mines to insure one mine
for each meter of frontal area in the mdhefield. Even if a diag-
onal or zig-zag lane is marked through the field, vehicles such
as the M1 tank, which is 3.7 meters wide, will not be able to ne-
gotiate the path without detonating mines. The M1, for example,
would detonate mines under both tracks if it attempted to drive
between mines spaced 4 meters apart. Allowing for decreased
driver visibility while operating under combat conditions (i.e.,
protective mask, with hatches closed, using night vision equip-
ment), the resulting cleared lane through the minefield may need
to be much wider. U.S. Army countermine doctrine calls for one-
way vehicle lanes to be 8 meters wide (removing one mine per row
as laid by Soviet vehicles) and widening of the lanes after the
assault to 16 meters for two-way traffic. A six to eight meter
wide lane is called for by Soviet doctrine, also indicating a re-
quirement to have the increased width. Movement of the mines to
the eight meter width does not add any more requirements than to
six meter spacing and is, thereby, desirable because of increased
safety of vehicles using the lane.

4.2.2.4.3.2 Lane Marking Techniques.

Hasty marking of the lane can be accomplished by laying of
engineer tape. The simplest means of doing this is to merely at-
tach a reel to the rear of the mine detector indicating where it
has gone through the field. Deviations from the axis of travel
are minimized (i.e., when changing course to go around a cluster

of mines or when moving a mine out of the lane). Operability of
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this method is poor, however. With good fortune, the first vehi-
cles following the detector would straddle the tape without de-

stroying it under a track and following vehicles would stay on

- the track marks of the leaders. It can be expected that, in c¢om-

bat, exact straddling of the tape and following of tracks would
not happen. The travelled area would gradually widen until it
exceeded the cleared lane.

Laying tape at the sides of the lane would not be as suscep-
tible to being covered and would define the limits of the cleared
area. A boom mount arrangement also permits marking along the
front of a minefield without driving as close as with a one-roll
tape-dispensing system. The improved capability would require
additional equipment. Folding booms would be needed to reach to

the sides of the lane and a slack tape take-up system becomes

- necessary during maneuvers. Envisioned solution operated like a

fishing reel. Weights are periodically tied to the tape anchor-
ing it at the edge of the lane. The reel take-up system keeps
the tape reasonably taut to the point where the next weight is
added. The weight is designed to be éufficiently heavy to over-
come the reel drag brake and, like a fish, to puli out the tape.
This apparatus would prevent confusing tape patterns from devel-
oping when the detector turns to move a mine or backs up a short
distance to avoid a mine cluster (see drawing on next page).

To enhance tape visibility, changes to the tape (i.e., col-
or, florescence, etc.) or the weight system are possible. A

type of robotic arm arrangement could plant survey sticks, posts,
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highway reflectors or use lights instead of simple weights. Oth-

er changes to Army engineer tape may permit use of different sys-

- tems for tape dispensing. Lead weights strung or glued to the

tape would provide anchoring characteristics desired. A drive-
systeh actuated device may then be feasible reeling out tape when
that side of the vehicle rolls forward, reeling in tape when ve-
hicle is in reverse. Some irregularity would develop in lane
marking as the tape may not remain on a straight line after con-
ducting maneuvers.

The boom assemblies would probably be tubular fiberglass or
plastic, possibly laminated Kevlar, thereby maintaining low
weight characteristics, housing the tape and weight dispensers,
and keeping a /high level of survivability. Optimum mounting is
toward the front of the vehicle permitting storage of folding
type booms on top of the wheel skirts. Mounting near the detec-
tor also minimizes the chance of cutting a corner when turning
thereby indicating a cleared edge of lane beyond the sweep of the
detector. Care must be taken by the operator so that any mine
removal equipment does not get tangled with the tape when placing
an excavated mine beyond the side c: the lane, a potential prob-
lem which increases in accordance with how far forward the booms
are anchored. With the booms anchored at the front of the vehi-
cle, for example, a 90 degree turn will lay tape in an arc around
the vehicle center. The front of the vehicle is now pointed to-
ward two strips of tape which, for clear lane marking, the opera-
tor must avoid in depositing a scoopful of mine and earth. When
the detector returns to its course through the minefield, the ex-

cess tape is reeled in.

106




iy )

]

L

A
.

iy

4.2.2.4.3.3 Lane Clearing Equipment.

Mine removal, either by an engineer unit in a secured area
or at the front lines by any available means, will always be very
hazardous. Due to the use of antihandling devices on mines,
mechanical removal and destruction in place are preferred means
of eliminating a minefield over using personnel. To date, the
only safe mine removal device has been a scraper blade mounted on
an armored vehicle. With the operator safely behind armor plate,
the mine is bulldozed out of the ground. The envisioned mine de-
tector does not have the power necessary to accomplish this type
removal work and it is very undesirable to increase the vehicle's
horsepower, weight and size. The loss in maneuverability and
utility decrease usefulness and survivability, and the larger ve-
hicle would cost more. In order to find a potentially suitable
system, current commercial excavating devices were evaluated for
possible revision. Clamshell, backhoe, and paddle blade systems
were eliminated due to probability of mine detonation. Metallic,
seismic, and pressure sensing detonators could all be activated
by these systems. Tree removal equipment, like the backhoe sys-
tems, appeared to satisfy low available power requirements but,
prior to increased study, seemed likely to activate metallic sen-
sors., When it was learned that two bladed excavators are made as
well as three and four bladed systems, the possibility of using a
similar digger was studied. A two bladed system is more desira-
ble because of plug extraction without passing a portion of the
extractor over the mine. Theoretically, it will also extract

mines without as exacting requirements for positioning because
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distance from the detector will not affect the location of radi-
ally aligned blades. This is desirable due to possiBly indefi-
nite mine location, difficulty of determining depth perception on
a flat television monitor, and the need to swing the detector ar-
mature away from the mine while excavating to prevent damage in
case of mine detonation. Operational tests will need to be con-
ducted to determine concept feasibility and types of materials
that can be used in the extractor. A plastic may be required to
foil metal detection detonators.

4.2.2.5 Other RPGV Equipment and Mission Capabilities.

When not in use as a mine detector, the inherent capabili-
ties of the vehicle make it desirable for use accomplishing sev-
eral other important missions. Reconnaissance in front of
friendly forces is easily done utilizing the television cameras.
Inclusion of the recommended zoom lens aﬁd night vision equipment
extend operational limits in this area. A second inherent appli-
cation is for towing hazardous cargo or delivering materials to a
hazardous area. 1In order to protect the detector system during
hazardous missions, a system can be developed to retract the boom
under the sloping armor plating. This retraction feature is also
desirable when passage through the minefield is completed due to
the potentially close range of opposing forces.

Optional or attachable equipment for the vehicle includes
smoke generators, grenade launcher pods, Geiger counter, chemical
agent detectors, laser target designator and rangefinder equip-

ment, and possibly even a small platform mounting an antitank
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missile (similar to designs being tested by the West German ar-

my). The smoke generators and grenade launcher pods would en-
hance vehicle survivability and aid the accompanying U.S. unit in
combat situations by reducing the enemy's detection capabilities
and preventing sapper-type attacks on the detector. As a remote
control vehicle, the detector is ideally suited for missions into
nuclear and chemical contamination areas. These trips can be to
check hazard levels or to take supplies to survivors in shelters.
Depending on desired attachments to the detector probe, it may
even be used for collecting samples or disposing/neutralizing
small areas of contaminants. Inclusion of the laser rangefinder
and target designator systems enable the detector vehicle to op-
erate in the same role as Martin-Marietta's Tadpole target acqui-
sition and designation system identifying and designating targets
while concealed behind a hill, building, or trees.

Additional missions may develop as the vehicle's capabili-
ties are proven. For example, if the vehicle is amphibious, it
may be used to string cable across a river, assisting engineers
build a bridge.

4,2,2.6 Mission Equipment Characteristics.

Various combinations of the described items of mission re-
lated equipment yield different RPGV mission capabilities. A
careful balance of performance, cost, survivability, utility, and
value indicates the probable optimum systems for inclusion in the

system. In order of importance, these are:
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1. Infra-red ‘scanner type detector using camera system
- display.
- 2. Navigatibn camera.
3. Boom for: detector with traverse system.
4. Side of lane marking system.
5. Light intensification system for cameras.
6. Mine neutralization or removal system.
Costs for each of these vehicle subsystems can vary drastic-

ally. Frequently, however, savings in initial costs are offset

- by much higher replacement rates and by the increased probability

of breakdown under severe wartime operating conditions. Perhaps
the best example of this condition is in the television and in-
fra-red cameras. A basic tube type T.V., similar to portable
home video models, can be purchased for under $1000.00. Compari-
son to the state-of-the-art portable uﬁit for television broad-
cast companies reveals several significant differences. The
broadcgst model has app:oxtmaﬁely‘twice as fine picture resolu-
tion, is smaller and lighter, is not susceptible to damage if
pointed toward the sun or magnesium flares, uses metal oxide
semiconductors which are much less likely to be affected by rough
handling, and costs approximately $11,000.00. Each of the areas
of major improvement is significant in military application, and
it is concluded that the additional initial expense is required
to insure reliability and reduce maintenance expenses. Survival
of the RPGV and following vehicles is dependent on quality in all
areas. Initial costs for various systems on the RPGV can be ex-

pected to be as shown on next}page.
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Diesel engine and hydraulic pumps .............. $10,000.00

Undercarriage ....coeoeeeveeees Cesseseseseecnnens 7,500.00
Metal components (frame, body, etc.) ........... 10,000.00
Ballistic protection ....cccoveeceserovasscccces 10,000.00
Detector boom (RODOtIiC) .eviveecececocoosccscncs 70,000.00
Lane marking booms (10,000 each) .......c0000... 20,000.00
Mine removal/neutralization devices ............ 10,000.00
Navigation and detection verification/ ....... .o 22,000.00
IR detector cameras (11,000 each)
Television transmission and receiving system
1) Using one monitor and split screen ... 49,500.00
2) Using separate monitors for .......... 82,500.00
navigation and detection
Radio control system ........... ceseseses ceesees 15,500.00
Light intensification systems for cameras ..... . 12,000.00
(6,000 each)
Fabrication costs .....cciveivenrecscccecnnnsaas 24,500.00
Total initial cost using IR Detector capability
inherent in a T.V. camera
1) Using split screen system ............ $261,000.00
2) Using separate television monitors ... $294,000.00
Further study may indicate desirability of a radar detector
system, an image stabilizer, and fiberoptic devices also, but
that information is not developed at this time. Costs for these
components would be approximately:
Radar System .....ccceveeveceesassccessscesessses 980,000,00
Image stabilizer .......ccevvevnneencancnnenans 30,000.00
Fiberoptic devices ....ccecieeevnevvnnnnnnnnnans 10,000.00




The optional equipment listed in section 4.2,2.5 is recommended
for inclusion on a detachable mount, special mission usage basis
or on specially made vehicles. The range of RPGV activities is
currently quite diverse and it will continue to increase.as tech-
nology develops new equipment. For example, when the scientific
state-of-the-art develops a camera system capable of duplicating
the functions of the human eyes and optic nerve, a remote control
vehicle will be able to replace any comparable manned vehicle.
It will perform its functions under man's guidance while protect-

ing him with a stand-off distance from the hazardous area.
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